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NOVEL P-SELECTIN LIGAND PROTEIN 



10 



«icn is directed to a novel Ugand tor the »a»aUa. 
adhesion protein Bcnown as -P-selectin." vascular 
During inllaM^tion leukocytes adhere " 
,0 enaotheliul and enter suhendothelial » ^^^^^ 'ZTs 

ie .ediatea by specific binding ot the selectxn " ^= J*^ 
of oroteins to ligands on target cells, such selectin-medrated 
c UulaHdhesion also occurs in throstle disorders a^ 
raiisitic diseases and «y be implicated in metastatic spread of 

" '"""re'selectin proteins are characterized by a K-ter.inal 
lectiHike domain, an epidermal growth factor-like do^n and 
regions of homology to complement '■i"""^ /-f;^" ^.^^Jf^ 
three human selectin proteins have been identified, E selectin 

30 To::erly n^-U. -electin (formerly «H-1. 

irrr^r-l, PJUJCEH or GHP-140) . E-seleCT:in ^» 

lllSal^fs several hours after activation by cytokines, 
Te^rtiit Le calci-dependent interaction between neutrophils 
r t:e'endothelium. ..selectin is 

35 receptor, and P-selectin rapidly appears on the cell surface of 
outputs when they are activated, mediating calcium-dependent 
n ofneutrop^hils or monocytes to platelets^ P-selec^in 
is also found in the Heibel-Palade bodies of endothelial cells, 
IS also loun vesicles P-selectin mediates early 

upon its release from these vesioiea 
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binding of neutrophils to histamine-or thrombin-stimulated 
endothelium. 

Selectins are believed to mediate adhesion through specific 
interactions with ligands present on the svirface of target cells. 
5 Generally the ligands of selectins are comprised at least in part - 
of a carbohydrate moiety. For example, E-selectin binds to 
carbohydrates having the terminal structtire 

NeuAca(2,3) Galj8(l,4) GlcNAc~R 

0 I 

Fuca(l,3) 



15 



20 



and also to carbohydrates having the teirminal structure 



NeuAca(2,3) GaliS(l,3) GlcNAci8(l,3)— R 

I 

Fuca(l,4) 



where R =the remainder of the carbohydrate chain. These 
carbohydrates are known blood group antigens and are commonly 
referred to as sialylated Lewis* and sialylated Lewis', 
25 respectively. The presence of the sialylated Lewis* antigen alone 
on the surface of an endothelial cell may be sufficient to 
promote binding to an E-selectin expressing cell. E-selectin 
also binds to carbohydrates having the terminal structures 

3 0 HSO3— -GaliS (1,4) GlcNAc— R HSO3— -GaliS (1,3) GlcNAc~R 

i and I 

Fuca(l,3) Fuca(l,4) 



35 



As with E-selectin, each selectin appears to bind to a range 
of carbohydrates with varying affinities. The strength of the 
selectin mediated adhesive event (binding affinity) may also 
40 depend on the density of the carbohydrate and on the density of 
the selectin on the cell surface. 



2 
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P-selectin binds to C2u:bohydrates containing the non* 
sialylated form of the Lewis* blood group antigen and with higher 
affinity to sialylated Lewis*. P-selectin may also recognize 
sulfatides, which are heterogeneous 3-sulfated galactosyl 
5 cerauaides, isolated from myeloid and tumor cells by lipid 
extraction. However, the binding of cells bearing P-selectin to 
cells bearing P-selectin ligands is abolished when the ligand- 
besuring cells are treated with proteases, indicating that the P- 
selectin ligand may be a glycoprotein. 
10 Two putative glycoprotein ligands for P-selectin have 

recently been identified, one of which has been partially 
purified, (Moore et al., J. Cell Biol. 118, 445-456 (1992)). 
However, neither amino acid composition nor the amino acid 
sequence of these glycoproteins are disclosed. 

15 

SDMMiatY OF THE INVENTION 

In one embodiment, the present invention provides a 
composition comprising an isolated DNA sequence encoding a P- 
selectin ligand protein, said protein being characterized by the 

20 amino acid sequence set forth in SEQ ID N0:1 from amino acid 1 
to amino acid 402. Also provided is a composition comprising an 
isolated DNA sequence encoding a soluble P-selectin ligand 
protein, said protein being characterized by the amino acid 
sequence set forth in SEQ ID N0:1 from amino acid 1 to amino acid 

25 310. The invention ftirther provides a composition comprising an 
isolated DNA sequence encoding a mature P-selectin ligand 
protein, said protein being characterized by the amino acid 
secjuence set forth in SEQ ID N0:1 from amino acid 42 to amino 
acid 402. In another embodiment, the invention provides a 

30 composition comprising an isolated DNA sequence ennoding 

soluble mature P-selectin ligand protein, said protein being 
characterized by the eimino acid sequence set forth in SEQ ID N0:1 
from suaino acid 42 to aunino acid 310. In another embodiment, the 
invention provides a composition comprising an isolated DNA 

35 sequence encoding a P-selectin ligand protein, said protein being 
characterized by the amino acid sequence set forth in SEQ ID 
NO: 3. The invention ftirther provides a composition comprising 
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an expression vector comprising any one of the isolated DNA 
sequences of the invention, said DNA sequence being operably 
linked to an expression control sequence; a host cell transformed 
with the expression vector containing any one of the DNA 
5 sequences described above; and a process for producing the P- . 
selectin ligand protein, which comprises: 

(a) culturing a host cell transformed with an expression , 
vector containing any one of the DNA sequences of the invention 
in a suitable culture medium; 2Uid 

10 (b) purifying the P-selectin ligand protein from the 

culture medium. 

In another embodiment, the invention provides a composition 
comprising a protein characterized by the amino acid sequence set 
forth in SEQ ID N0:1 from amino acid 21 to amino acid 402, said 

15 protein being substantially free from other mammalian proteins. 
The invention further comprises a soluble P-selectin ligand 
protein characterized by the amino acid sequence set forth in SEQ 
ID N0:1 from amino acid 21 to amino acid 310, said protein being 
substantially free from other mammalian proteins, and in another 

20 embodiment, the invention comprises a P-selectin ligand protein 
characterized by the amino acid sequence set forth in SEQ ID N0:1 
from amino acid 1 to amino acid 402, said protein being 
substantially free from other mammalian proteins. The invention 
also provides a composition comprising a mature P-selectin ligand 

25 protein characterized by the amino acid sequence set forth in SEQ 
ID N0:1 from amino acid 42 to amino acid 402, said protein being 
substantially free from other mammalian proteins. Further 
provided is a composition comprising a soluble mature P-selectin 
ligand protein characterized by the amino acid sequence set forth 

30 in SEQ ID N0:1 from amino acid 42 to amino acid 310, said protein 
being substantially free from other mammalian proteins. In 
another embodiment the invention provides a composition 
comprising a protein characterized by the amino acid sequence set 
forth in SEQ ID NO: 3. 

35 In yet another embodiment, the invention provides a 

composition comprising an antibody specific for the P-selectin 
ligand protein. 



4 
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in another embodiment, the invention provides a method of 
identifying an inhibitor of P-selectin-mediated intercellular 

adhesion which comprises 

(a) combining a P-selectin protein with a P-selectxn ligand 
protein characterized by an amino acid sequence selected from the 
group consisting of the amino acid sequence set forth in SEQ ID 
NO-l from amino acid 1 to amino acid 402, the amino acid sequence 
set forth in SEQ ID N0:1 from amino acid 42 to amino acid 402 
the amino acid sequence set forth in SEQ ID N0:1 from amxno acxd 
42 to amino acid 310, and the amino acid sequence set forth in 
SEQ ID no: 3, said combination forming a first binding mixture; 

(b) measuring the amount of binding between the P-selectm 
protein and the P-selectin ligand protein in the first binding 

mixture; ^ 
15 (c) combining a compound with the P-selectin protexn and 

the P-selectin ligand protein to form a second binding mixture; 

(d) measuring the amount of binding in the second bindxng 
mixttire; Bnd 

(e) comparing the amount of binding in the first bxnding 
20 mixture with the amount of binding in the second binding mixture; 

Wherein the compound is capable of inhibiting P-selectin-mediated 
intercellular adhesion when a decrease in the amount of bindxng 
of the second binding mixture occurs. 



25 



30 



35 



The present inventors have for the first time identified and 
isolated a novel DNA which encodes a protein which acts as a 

, v.,^,« onHni-Hdiial cells and platelets. 

ligand tor f-sexeuuxn wi» 

The complete amino acid sequence of the P-selectin ligand protein 
(i.e., the mature peptide plus the leader sequence) xs 
characterized by the amino acid sequence set forth in SEQ ID N0:1 
from amino acid 1 to amino acid 402. Hydrophobicity analysis and 
comparison with known cleavage patterns predict a signal sequence 
of 20 to 22 amino acids, i.e., amino acids 1 to 20 or amino acids 
1 to 22 of SEQ ID NO:l. The P-selectin ligand protein contains 
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a PACE (paired basic amino acid converting enzyme) cleavage site 
(-Arg-Asp-Arg-Arg-) at amino acids 38-41 of SEQ ID NO:l. The 
mature P-selectin ligand protein of the present invention is 
Characterized by the amino acid sequence set forth in SEQ ID N0:1 
5 from amino acid 42 to amino acid 402. A soluble form of the P- 
selectin ligand protein is characterized by containing amino 
acids 21 to 310 of SEQ ID NO:l. Another soluble form of the 
mature P-selectin ligand protein is characterized by the amino 
acid sequence set forth in SEQ ID N0:1 from amino acid 42 to 

10 amino acid 310. The soluble form of the P-selectin Ixgand 
protein is further characterized by being soluble in aqueous 
solution at room temperature. Of course, the corresponding DNA 
sequences as set forth in SEQ ID N0:1 encoding these proteins are 
also included in the subject invention. 

15 The P-selectin ligand of the invention is a glycoprotein 

which may contain one or more of the following terminal 
carbohydrates : 

NeuAca(2,3) Gal /3(1,4) GlcNAc-R 
20 PUC 



25 NeuAca(2,3) Gal /S(l,3) GlcNAc-R 

|o(l,4) 



30 



Fuc 



Gal fl(l,4)GlcNAc-R 
|o(l,3) 
Fuc 



Gal P(l,3)GlcNAc-R 



35 |o(l,4) 

Fuc 

40 Where R= the remainder of the carbohydrate chain, which is 
covalently attached either directly to the P-selectin ligand 
protein or to a lipid moiety which is covalently attached to the 
P-selectin ligand protein. The P-selectin ligand glycoprotein 
of the invention may additionally be sulfated or otherwise post- 
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15 



20 



25 



30 



35 



translationally modified. As expressed in COS and CHO cells, 
full length P-selectin ligand protein (amino acids 1 to 402 of 
SEQ ID NO:l or amino acids 42 to 402 of SEQ ID N0:1) is a 
homodimeric protein having an apparent molecular of 220 W) as 
shown by non-reducing SDS-polyacrylamide gel electrophoresxs 

Three regions of the P-selectin ligand protein of SEQ ID 
NO:l are: an extracellular domain (from about amino acid 21 to 
310 of SEQ ID NO:l), a transmembrane domain (from about ammo 
acid 311 to 332 of SEQ ID N0:1), and an intracellular, 
cytoplasmic domain (from about amino acid 333 to 402 of SEQ ID 
NO-l). The extracellular domain contains three consensus 
tripeptide sites (Asn-X-Ser/Thr) of potential N-linked 
glycosylation beginning at Asn residues 65, 111, and 292. The 
extracellular domain further contains three potential sites of 
tyrosine sulfation at residues 46, 48, and 51. The region 
comprised of residues 55-267 contains a high percentage of 
proline, serine, and threonine including a subdomain of fifteen 
decameric repeats of the ten amino acid consensus sequence Ala- 
Thr/Met-Glu-Ala-Gln-Thr-Thr-X-Pro/Leu-Ala/Thr, wherein X can be 
either Pro, Ala, Gin, Glu, or Arg. Regions such as these are 
characteristic of highly o-glycosylated proteins. 

COS or CHO cells co-transf ected with a gene encoding the P- 
selectin ligand protein and a gene encoding an (al,3/l,4) 
fucosyltransferase (hereinafter 3/4Fr) are capable of bindxng to 
CHO cells expressing P-selectin on their surface, but are not 
capable of binding to CHO cells which do not express P-selectxn 
on their surface. In order to bind to P-selectin, either xn 
purified form or expressed on the surface of CHO cells, the gene 
encoding the P-selectin ligand protein must be co-transfected 
with the gene encoding a 3/4FT, since transtection of eithex gene 
in the absence of the other either abolishes or substantially 
reduces the P-selectin binding activity. The binding of the P- 
selectin ligand protein of the invention to P-selectin can be 
inhibited by EDTA or by a neutralizing monoclonal antibody 
specific for P-selectin. The binding of the P-selectin Ixgand 
protein of the invention to P-selectin is not inhibited by a non- 
neutralizing monoclonal antibody specific for P-selectin or by 
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an isotype control. Thes. results charaeterize the binding 
specificTty Of the P-selectin ligand protein of the inv«,tion 

For L purposes of the present invention, a protexn xs 
defined as having -P-selectin ligand protein activity", i.e., 
5 variably referred to herein as a -P-selectin ligand protein- , or 
afa -P-selectin ligand glycoprotein- or si^ly as a -P-selectin 
ligand-, when it binds in a calcium-dependent «™« *° ^ 
seLcti; Which is present on the surface of cells as on the 0.0- 
P-seleotin binding assay of Bxanple 4, or to P-selectin whi^ is 
10 Lfixed to another surface, for e=«»ple, as the ^^^c P- 
s"ectin-IgGTl protein of Exa-ple 4 is affixed to Petri dishes 

The g!ycosylation state of the P-selectin ligand protean of 
the invention was studied using a chimeric, soluble tor» of the 
P-selectin ligand protein, described in detail in ^xampl. 5^ 
15 and designated SPSL.T7. The SPSI..I7 protein produced from COS 
cells co-transfected with 3/4PT is extensively .odxfied by 
posttr«,slational glycosylation, as described in detail in 
Lample 6(C). Thus, it is believed that both H- and 0-lxn.ced 
Xo-=*-"- ^"^ °' sxalylated, 

20 are present on the P-selectin ligand protein of the in-ntxon^ 
The P-selectin ligand protein of the invention «y also bind 
to E-selectin. conditioned medium from COS cells "hich have been 
co-transfe=ted with the DHA encoding SPSL.T7 and with the DNA 
encoding 3/4FT, when coated on wells of plastxc 
25 plates, causes CHO cells which express E-selecti„ to bxnd to the 
Plates however CHO cells which do not express E-selectxn do not 
bind to such plates. The binding of CHO cells which express E- 
selectin to microtxter plates coated with conditioned medxum f rom 
COS cells Which have been co-transfected with the DHA encoding 

^2 -iiAvw ;*Violished m the 

30 BPSL.T7 and with the uma e<.i.ov....s - 

presence of EDTA or of a neutralizing antibody specxfxc for E 
selectin. conditioned medium from COS cells transfected only 
with the SPSL.T7 DNA does not cause binding of CHO cells which 
express E-selectin when coated on wells of microtiter plates. 
35 For these reasons, the P-selectin ligand protein of the invention 
is believed to be useful as an inhibitor of E-selectxn-»edxated 
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intercellular adhesion in addition to P-selectin-mediated 
intercellular adhesion. 

Fragments of the P-selectin ligand protein which are capable 
of interacting with P-selectin or which are capable of inhibiting 
5 P-selectin-mediated intercellular adhesion are also encompassed 
by the present invention. Such fragments comprise amino acids 
21 to 54 of SEQ ID N0:1, a region of the P-selectin ligand 
protein having a low frequency of serine and threonine residues; 
amino acids 55 to 127 of SEQ ID N0:1, having a high frequency of 
10 proline, serine, and threonine in addition to two consensus 
sequences for asparagine-linkcd glycosylation (Asn-X-Ser/Thr) ; 
another larger fragment, amino acids 128 to 267 of SEQ ID N0:1, 
having both a high frequency of proline, serine, and threonine 
and containing fifteen repeats of the following ten amino acid 
15 consensus sequence : Ala- (Thr/Met) -Glu-Ala-Gln-Thr-Thr- 
(Pro/Arg/Gln/Ala/Glu) - (Leu/Pro) - (Ala/Thr) (smaller fragments 
within this large fragment may also retain the capacity to 
interact with P-selectin or act as inhibitors of P-selectin- 
mediated intercellular adhesion); the region containing a 
consensus sequence for asparagine-linked glycosylation and 
comprising amino acids 268 to 308 of SEQ ID N0:1; the hydrophobic 
region of the protein represented by amino acids 309 to 333 of 
SEQ ID NO:l; and the amphiphilic region of the P-selectin ligand 
protein from amino acids 334 to 402. Additional fragments may 
25 comprise amino acid 43 to amino acid 56 of SEQ ID N0:1, with one 
or more sulfated tyrosines at amino acid 46, amino acid 48, 
and/or amino acid 51. Fragments of the p-selectin ligand protein 
may be in linear form or they may be cyclized using known 
methods, for example, as described in H.U. Saragovi, et al. , 
30 Bio/Technology Ifl, 773-778 (1992) and in R.S. HuDowell, et al. , 
J. Amer. Chem. Soc. 12A, 9245-9253 (1992), both of which are 
incorporated herein by reference. For the purposes of the 
present invention, all references to "P-selectin ligand protein" 
herein include fragments capable of binding to P-selectin. 
35 such fragments may be fused to carrier molecules such as 

immunoglobulins, to increase the valency of P-selectin ligand 
binding sites. For example, soluble forms of the P-selectin 
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ligand protein such as the fragment from amino acid 42 to amxno 
acid 295 of SEQ ID NO:l may be fused through "linker- sequences 
to the FC portion of an immunoglobulin. For a bivalent form of 
the P-selectin ligand protein, such a fusion could be to the Fc 
portion of an IgG molecule as in Example 5(D) and in SEQ ID N0:6. 
Other immunoglobulin isotypes may also be used to generate such 
fusions. For example, a P-selectin ligand protein - IgM fusion 
would generate a decavalent form of the P-selectin ligand protein 

of the invention. 

AS detailed in the Examples below, the P-selectin ligand 
protein of the invention was initially obtained using an 
expression cloning approach (Clark et al. U.S. 4,675,285). A 
cDNA library was constructed from the human promyelocytic cell 
lineHLSO (S.J. Collins, etal.. Nature 347-349 (1977), ATCC 

NO. CCL 240) . This library was cotransfected into COS cells with 
a DNA encoding a 3/4FT, and the cotransfectants were screened for 
binding to a chimeric molecule consisting of the extracellular 
portion of P-selectin and the Fc portion of a human IgGrl 
monoclonal antibody. Cotransfectants which bound to the chimeric 
P-selectin were enriched for cDNAs encoding the P-selectin ligand 
protein. This screening process was repeated several times to 
enrich the plasmid population further for cDNAs encoding the P- 
selectin ligand protein. In a second cloning stage, the enriched 
plasmid population was again cotransfected into COS cells with 
the 3/4FT gene and screened for binding to a fluorescently 
labeled CHO cell line which expressed P-selectin on the cell 
surface. A single cDNA clone was obtained from this approach and 
was designated pMT21:PL85. The pMT21:PL85 plasmid was deposited 
with the American Type Culture Collection on October 16, 1992 and 
given the accession number ATCC SSODS. 

one novel DNA of the present invention is set forth in SEQ 
ID NO:l. The DNA of the present invention may encode a variety 
of forms of the P-selectin ligand protein. For example, in one 
embodiment, the DNA sequence of the invention encodes the entire 
P-selectin ligand protein having the amino acid sequence set 
forth in SEQ ID N0:1 from amino acid 1 to amino acid 402. In 
another embodiment, the DNA sequence of the invention encodes a 
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form Of the P-selectin ligand protein which lacks the signal 
sequence and which is characterized by the amino acid sequence 
set forth in SEQ ID N0:1 from amino acid 21 to amino acid 402. 
in yet another embodiment, the DNA sequence of the invention 
encodes the mature P-selectin ligand protein characterized by the 
amino acid sequence set forth in SEQ ID N0:1 from amino acid 42 
to amino acid 402. Another embodiment of the DNA sequence of the 
invention encodes a soluble form of the P-selectin ligand protexn 
characterized by the amino acid sequence set forth in SEQ ID N0:1 
from amino acid 1 to amino acid 310. The DNA of the invention 
is also embodied in a DNA sequence encoding a soluble form of the 
mature P-selectin ligand protein, said protein being 
characterized by the amino acid sequence set forth in SEQ ID N0:1 
from amino acid 42 to amino acid 310. The DNA of the invention 
is further embodied in a DNA sequence encoding a soluble form of 
the P-selectin ligand protein which lacks the signal sequence, 
said protein being characterized by the amino acid sequence set 
forth in SEQ ID NO:l from amino acid 21 to amino acid 310. The 
DNA of the present invention is free from association with other 
human DNAs and is thus characterized as an isolated DNA. As 
detailed above, DNAs which encode P-selectin ligand fragments 
which interact with P-selectin are also included in the present 
invention. 

The expression of P-selectin ligand protein mKNA transcripts 
has been observed in a variety of human cell lines (HL-60, THP-1, 
U937) and in human monocytes and polymorphonuclear leukocytes by 
Northern analysis using a P-selectin ligand protein cDNA probe. 
In all of these cell lines, a major transcript of 2.5 kb was 
Observed. A minor species of approximately 4 kb was observed in 
the HL60 and D937 cell lines and in poiymorphoimwlear leukocytes. 
In contrast, no P-selectin ligand mBNA expression was detected 
in the human hepatoblastoma cell line HepG2. 

The P-selectin ligand protein of the invention is encoded 
by a single copy gene and is not part of a multi-gene family, as 
determined by Southern blot analysis. The genomic form of the 
P-selectin ligand protein of the invention contains a large 
intron of approximately 9 kb located at nucleotide 54 in the 5' 
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xmtranslated region. In polymorphonuclear leukocytes and 
monocytes, the P-selectin ligand protein of the invention is 
encoded by the DNA sequence set forth in SEQ ID NO: 3. In this 
embodiment, the P-selectin ligand protein contains sixteen repeat 
regions. The isolated DNA of the invention is correspondingly 
also embodied in the DNA sequence set forth in SEQ ID NO: 3 and 
is contained on plasmid pPL85R16 which was deposited with the 
American Type Culture Collection on October 22, 1993 and given 

the Accession Nximber ATCC • 

The invention also encompasses allelic variations of the 
isolated DNA as set forth in SEQ ID N0:1 or of the isolated DNA 
as set forth in SEQ ID N0:3, that is, naturally-occurring 
alternative forms of the isolated DNA of SEQ ID NO: 1 or SEQ ID 
no: 3 which also encode proteins having P-selectin ligand 
activity. Also included in the invention are isolated DNAs which 
hybridize to the DNA set forth in SEQ ID N0:1 or to the DNA set 
forth in SEQ ID N0:3 under stringent (e.g. 4xSSC at 65"C or 50% 
f ormamide and 4xSSC at 42-C) , or relaxed (4xSSC at SO'C or 30-40% 
formamide at 42'C) conditions, and which have P-selectin ligand 
protein activity. Isolated DNA sequences which encode the P- 
selectin ligand protein but which differ from the DNA set forth 
in SEQ ID NO:l or from the DNA set forth in SEQ ID NO: 3 by virtue 
of the degeneracy of the genetic code and which have P-selectin 
ligand protein activity are also encompassed by the present 
invention. Variations in the DNA as set forth in SEQ ID N0:1 or 
in the DNA as set forth in SEQ ID NO: 3 which are caused by point 
mutations or by induced modifications which enhance the P- 
selectin ligand activity, half-life or production level are also 
included in the invention. For the purposes of the present 
invention all references herein to the -DNA of SEQ ID no:!" 
include, in addition to the specific DNA sequence set forth in 
SEQ ID NO:l, DNA sequences encoding the mature P-selectin ligand 
protein of SEQ ID N0:1; DNA sequences encoding fragments of the 
P-selectin ligand protein of SEQ ID N0:1 which are capable of 
binding to P-selectin; DNA sequences encoding soluble forms of 
the P-selectin ligand protein of SEQ ID N0:1; allelic variations 
of the DNA sequence of SEQ ID N0:1; DNAs which hybridize to the 
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DNA sequence of SEQ ID N0:1 and which encode proteins having P- 
selectin ligand protein activity; DNAs which differ from the DNA 
of SEQ ID NO:l by virtue of degeneracy of the genetic code; and 
the variations of the DNA sequence of SEQ ID N0:1 set forth 
5 above. Similarly, all references to the "DNA of SEQ ID N0:3- 
include in addition to the specific DNA sequence set forth xn SEQ 
ID no: 3, DNA sequences encoding the mature P-selectin ligand 
protein of SEQ ID NO: 3; DNA sequences encoding fragments of the 
P-selectin ligand protein of SEQ ID NO: 3 which are capable of 

10 binding to P-selectin; DNA sequences encoding soluble forms of 
the P-selectin ligand protein of SEQ ID NO: 3; allelic variations 
of the DNA sequence of SEQ ID NO: 3; DNAs which hybridize to the 
DNA sequence of SEQ ID NO: 3 and which encode proteins having P- 
selectin ligand protein activity; DNAs which differ from the DNA 

15 of SEQ ID no: 3 by virtue of degeneracy of the genetic code; and 
the variations of the DNA sequence of SEQ ID NO: 3 set forth 
above. 

A DNA encoding a soluble form of the P-selectin ligand 
protein may be prepared by expression of a modified DNA in which 

20 the regions encoding the transmembrane and cytoplasmic domains 
of the P-selectin ligand protein are deleted and/or a stop codon 
is introduced 3' to the codon for the amino acid at the carboxy 
terminus of the extracellular domain. For example, 

hydrophobicity analysis predicts that the P-selectin ligand 

25 protein set forth in SEQ ID N0:1 has a transmembrane domain 
comprised of amino acids 311 to 332 of SEQ ID N0:1 and a 
cytoplasmic domain comprised of amino acids 333 to 402 of SEQ ID 
NO:l. A modified DNA as described above may be made by standard 
molecular biology techniques, including site-directed mutagenesis 

30 methods which are known in the art or by the polymerase chain 
reaction using appropriate oligonucleotide primers. Methods for 
producing several DNAs encoding various soluble P-selectin ligand 
proteins are set forth in Example 5. 

The isolated DNA of the invention may be operably linked to 

35 an expression control sequence such as the pMT2 or pED expression 
vectors disclosed in Kaufman et al.. Nucleic Acids Res. 19, 4485- 
4490 (1991), in order to produce the P-selectin ligand 
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recombinantly. Many suitable expression control sequences are 
known in the art. General methods of expressing recombinant 
proteins are also knovm and are exemplified in R. Kaufman, 
Methods in Enzymology 18S, 537-566 (1990). As defined herein 
5 "operably linked" means enzymatically or chemically ligated to 
form a covalent bond between the isolated DNA of the invention 
and the expression control sequence, in such a way that the P- 
selectin ligand protein is expressed by a host cell which has 
been transformed (transfected) with the ligated DNA/ express ion 

10 control sequence. 

several endoproteolytic enzymes are known which cleave 
precursor peptides at the carboxyl side of paired amino acid 
sequences (e.g., -Lys-Arg- and -Arg-Arg-) to yield mature 
proteins, such enzymes are generally known as paired basic ammo 
15 acid converting enzymes or PACE, and their use in recombinant 
production of mature peptides is extensively disclosed in WO 
92/09698 and U.S. Application Serial No. 07/885,972, both of 
which are incorporated herein by reference. The PACE family of 
enzymes are known to increase the efficiency of proteolytic 
20 processing of precursor polypeptides in recombinant host cells. 
AS mentioned above, the P-selectin ligand protein of the 
invention contains such a PACE cleavage site. 

The soluble mature p-selectin ligand protein of the present 
invention may be made by a host cell which contains a DNA 
25 sequence encoding any soluble P-selectin ligand protein as 
described herein and a DNA sequence encoding PACE as described 
in WO 92/09698 and U.S. Application Serial No. 07/885,972, 
incorporated herein by reference, or using the DNA sequence of 
SEQ ID NO: 5. such a host cell may contain the DNAs as the result 

of co-transformation or sequentiax ux*»^i=^w— — — — r 

expression vectors containing the soluble P-selectin ligand 
protein DNA and the PACE DNA, respectively. A third DNA which 
encodes a 3/4FT may also be co-transformed with the DNAs encoding 
the P-selectin ligand protein and PACE. Alternatively, the host 
cell may contain the DNAs as the result of transformation of a 
single expression vector containing both soluble P-selectin 
ligand protein DNA and PACE DNA. Construction of such expression 



30 



35 
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vectors is within the level of ordinary skill in molecular 
biology. Methods for co-transformation and transformation are 
also known. 

Many DNA sequences encoding PACE are known. For example, 
5 a DNA encoding one form of PACE, known as furin, is disclosed in 
A.M.W. van den Ouweland et al., Nucl. Acids Res. IS.. 664 (1990), 
incorporated herein by reference. A cDNA encoding a soluble form 
of PACE, known as PACESOL, is set forth in SEQ ID N0:5. DMAs 
encoding other forms of PACE also exist, and any such PACE- 
10 encoding DNA may be used to produce the soluble mature P-selectin 
ligand protein of the invention, so long as the PACE is capable 
of cleaving the p-selectin ligand protein at amino acids 38-41. 
Preferably, a DNA encoding a soluble form of PACE is used to 
produce the soluble mature P-selectin ligand protein of the 

15 present invention. 

The DNAs encoding a soluble form of the P-selectin ligand 
protein and PACE, separately or together, may be operably linked 
to an expression control sequence such as those contained in the 
pMT2 or pED expression vectors discussed above, in order to 

20 produce the PACE-cleaved soluble P-selectin ligand recombinantly. 
Additional suitable expression control sequences are known in the 
art. Examples 3(C) and 3(D) below set forth methods for 
producing the soluble mature P-selectin ligand protein of the 
invention. 

25 A number of types of cells may act as suitable host cells 

for expression of the p-selectin ligand protein. Suitable host 
cells are capable of attaching carbohydrate side chains 
characteristic of functional P-selectin ligand protein. Such 
capability may arise by virtue of the presence of a suitable 

30 glycosylating enzyme within the host cell, whether naturally 
occurring, induced by chemical mutagenesis, or through 
transf ection of the host cell with a suitable expression plasmid 
containing a DNA sequence encoding the glycosylating enzyme. Host 
cells include, for example, monkey COS cells, Chinese Hamster 

35 ovary (CHO) cells, human kidney 293 cells, human epidermal A431 
cells, human Colo205 cells, 3T3 cells, CV-1 cells, other 
transformed primate cell lines, normal diploid cells, cell 
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strains derived fro« in ^ culture of pri«ry tissue, primary 
srraxns uex ^^n^ bHK HL-60, U937, or HaK 

cxplants, HeLa cells, mouse L cells, BHK, Hi. bu, 



cells. 

The 



TBe P-selectin Ug«.a protein may also be produoed by 
operably UnKin, the isolated DNA of the invention and one or 
Tore mL encoding suitable glycosylating enzy.es to suitable 
control sequences in one or .ore insect expression vectors, and 
employing an insect expression syste.. Materials and -ethods for 
baLlLirus/insect cell expression systems are 
available in kit for. fro., e.g.. Invitrog«-, San Dxego 
dlifomia, U.S.A. (the MaxBaC Xit, , and such -tho^ ^ 

in the art, as described in su».ers and ^ 

incorporated herein by reference. Soluble forms of the P- 
15 selectin ligand protein .ay also be produced in insect cells 
using appropriate isolated DHAs as described above. A D» 
encoding a for. of PACB .ay further be co-expressed in an .nsec^ 
host cell to produce a PACE-cleaved for. of the P-selectin Ugand 

20 """iltematively, it »y be possible to produce the P-sele=tin 
ligand protein in lower euXaryotes such as yeast or « 
pr!.=aryotes such as bacteria. Potentially suitable yeast strains 
include saccharomyces cerevlslae, Schi.osaccharo^ces po.be 
Huyvero.yces strains, Candida, or any yeast strain capable of 
SpLsing heterologous proteins. Potentially suitable bacteria 
slins include Escherichia coil. Bacillus suhtllis, SalM,neila 
typM»:rlu., or any bacterial strain capable of expressing 
heterologous proteins. If the P-selectin ligand protein xs «de 
in veast or bacteria, it is necessary to attach the appropriate 

30 carbohydrates to the appropriate sites on the protein .oie^ 
covalently, in order to obtain the glycosylated P-selectin ligand 
proteiJ.. such covalent attachments «y be acccplished using 
known che.ical or enzy«atic methods. 

The P-selectin ligand protein of the invention My also be 
35 expressed as a product of transgenic ani«ls, e.g., as a 
co.ponent of the milk of transgenic cows, goats, pigs, or sheep 
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which are characterized by somatic or germ cells containing a DNA 
sequence encoding the P-selectin ligand protein. 

The P-selectin ligand protein of the invention may be 
prepared by culturing transformed host cells under culture 
5 conditions necessary to express a P-selectin binding 
glycoprotein. The resulting expressed glycoprotein may then be 
purified from culture medium or cell extracts. Soluble forms of 
the P-selectin ligand protein of the invention can be purified 
by affinity chromatography over Lentil lectin-Sepharose« and 

10 subsequent elution with 0.5M a-methyl-mannoside. The eluted 
soluble P-selectin ligand protein can then be further purified 
and concentrated by a 0-70% ammonium sulfate precipitation step. 
The protein is then recovered, resuspended, and further purified 
by size exclusion chromatography over a TSK G4000SWxi.. 

15 Alternatively, full length forms of the P-selectin ligand protein 
of the invention can be purified by preparing a total membrane 
fraction from the expressing cell and extracting the membranes 
with a non-ionic detergent such as Triton X-100. The detergent 
extract can then be passed over an affinity column comprised of 

20 immobilized P-selectin, and the P-selectin ligand protein can be 
eluted from the column with lOmM EDTA in a buffer containing 0.1% 
detergent. The material eluted from the affinity column can then 
be dialyzed to remove EDTA and further purified over a Lentil 
lectin-Sepharose* affinity column, again eluting with 0.5M a- 

25 methyl-mannoside. 

Alternatively, the P-selectin ligand protein of the 
invention is concentrated using a commercially available protein 
concentration filter, for example, an Amicon or Millipore 
Pellicon ultrafiltration unit. Following the concentration step, 

30 the concentrate can be applied to a purification matrix such as 
a gel filtration medium. Alternatively, an anion exchange resin 
can be employed, for example, a matrix or substrate having 
pendant diethylaminoethyl (DEAE) groups. The matrices can be 
acrylamide, agarose, dextran, cellulose or other types commonly 

35 employed in protein purification. Alternatively, a cation 
exchange step can be employed. Suitable cation exchangers 
include various insoluble matrices comprising sulfopropyl or 
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carbo^ethyl groups. Sulfopropyl groups are preferred (e.g 
S-Sepharose. columns) . The purification of the P-selectxn l.gand 
protein from culture supernatant may also include one or more 
column steps over such affinity resins as concanavalin A-agarose, 
heparin-toyopearl. or Cibacrom blue 3GA Sepharose.; or by 
hydrophobic interaction chromatography using such resins as 
phenyl ether, butyl ether, or propyl ether; or by immunoaffinity 

Chromatography . n 4 ^ ^ 

Finally, one or more reverse-phase high performance liquid 
Chromatography (RP-HPLC) steps employing hydrophobic RP-HPLC 
media, e.g., silica gel having pendant methyl or other aliphatic 
groups, can be employed to further purify the P-selectin ligand 
protein. Some or all of the foregoing purification steps, m 
various combinations, can also be employed to provide a 
substantially homogeneous isolated recombinant protein. The P- 
selectin ligand protein thus purified is substantially free of 
other mammalian proteins and is defined in accordance with the 
present invention as -isolated P-selectin ligand protein". 

The isolated P-selectin ligand protein may be useful in 
treating conditions characterized by P-selectin mediated 
intercellular adhesion. Such conditions include, without 
limitation, myocardial infarction, bacterial or viral infection, 
metastatic conditions, inflammatory disorders such as arthritis, 
acute respiratory distress syndrome, asthma, emphysema, delayed 
type hypersensitivity reaction, systemic lupus erythematosus, 
thermal injury such as bums or frostbite, autoimmune 
thyroiditis, experimental allergic encephalomyelitis, multiple 
sclerosis, multiple organ injury syndrome secondary to trauma, 
diabetes, Reynaud's syndrome, neutrophilic dermatosis (Sweet's 
syndrome), inflammatory bowel disease, Grave-s disease, 
glomerulonephritis, gingivitis, periodontitis, hemolytic uremic 
syndrome, ulcerative colitis, Crohn's disease, necrotizing 
enterocolitis, granulocyte transfusion associated syndrome, 
cytokine-induced toxicity, and the like. The isolated P-selectin 
ligand protein may also be useful in organ transplantation, both 
to prepare organs for transplantation and to quell organ 
transplant rejection. The isolated P-selectin ligand protein may 
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be used to treat hemcdialysis ani leulcophoresis patients 
.aaltionauy, the isolated P-sele=tin Xi,ana protexn »y be us^d 
as an anti»etastatic agent. The isolated --1-""^^""^ 
protein be used itself as an inhibitor of P-sele=t.n-»ed»ted 
intercellular adhesion or to design inhibitors of P-selectu,- 
:^Uted intercellular adhesion. The present .nven i» 
enco^asses both pharBaceutical co^ositions ^"^^ 
P-selectin li,and protein and therapeutic »thods of „^t»«t 
or use Which employ the isolated P-selectln Ugand protein. 

^e isolated P-selectin ligand protein, purified fro„ cells 
or reco^inantly produced, .ay be used as a "^^^ 
opposition When combined with a phar»ce»tically acceptable 
carrier. Such a exposition .ay contain, in addition to the P- 
selectin ligand protein and carrier, diluents, 
buffers, stabilizers, solubilizers, and other materials well 
.cnown in the art. The ter. -pharBaceutically acceptable- -eans 
a „on-to^c material that does not interfere with the 
effectiveness of the biological activity of the active 
ingredient,s,. The characteristics of the carrier will dep«d 
on toe route of administration. The pharMCeutical co««.sition 
Of the invention -ay also contain cytokines, ly>«.hokines or 
other hematopoietic factors such as M-CSF, '^-"'^^'T'- ^Z' 
IL-3. IW, IL-5, 1^6, IL-7, IL-8, IL-9, IL^", IL-U, IL-^. 

G-CSF. Meg-CSF, stem cell factor, and erythropoietin. The 
phar«ceutical composition may contain thrombolytic or ^ti- 
thrombotic factors such as plasminogen activator and Factor VIII. 
The pharmaceutical composition may further contain other anti- 
inflammatory agents. Such additional factors and/or agents may 
be included in the pharmaceutical composition to produce a 
synergistic effect with the isolated P-selectin ligand protein, 
o^to .inlmi.e side effects caused by the isolated P-selectin 
ligand protein. Conversely, the isolated P-selectin ligand 
prLm may be Included in formulations of J>-^-^^ 
cytokine, lymphoklne, other hematopoietic factor, thrombolytic 
or antl-thrombotlc factor, or antl-lnf lanmatory agent to minimize 
side effects of the cytokine, lymphokine, other hematopoietic 
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factor, thrombolytic or anti-thro^tic factor, or anti- 

"^'i::7^:^i'^^ -posmo„ ^ t.^ invention ^ in 
the £or» of a liposome in which the isolated P-selectxn Uga^ 
protein is =o»bined, in addition to other phar,«ceutxcally 
acceptable carriers, with a-phipathic agents such as lipids which 
exist in aggregated for» as .icelles, insoluble w.nolayers, 
li^id crystals! or lamellar layers which in abacus solution 
L!:able-'lipids for liposo^l ^^^^ ---J^r 
iyire ph-Z::^ saponit :ne acids, and the li.e 

reparation of such liposomal formulations is w.th.n the level 
Of sKill in the art, as disclosed, for ««mple, in U S Patent 
NO 4 235,871; O.S. Patent NO. 4,501,728; U.S. Patent HO. 
"837,028; an^ C.S. Patent Ho. 4,737,323, all Of which are 
incorporated herein by reference. 

Zs used herein, the term -therapeutically effective amount- 
means the total amount of each active component of the 
^trmaoeutical composition or method that is sufficient to show 
a meaningful patient benefit, i.e., healing of chronic condxtxo^ 
Characterized by P-selectin-mediated cellular adhesion or 
increase in rate of healing of such conditions. When applied to 
an individual active ingredient, administered alone, the term 
refers to that ingredient alone. When applied to a combination, 
the term refers to combined amounts of the active ingredients 
that result in the therapeutic effect, whether administered in 
combination, serially or simultaneously. 

in practicing the method of treatment or use of the present 
invention, a therapeutically effective amount of isolated P- 

selectin ligand protein is adminlsT:ereu . — - - 

selectin-mediated disease state. Ihe isolated 1-=*- 
protein may be administered in accordance with the method of the 
Invention either alone or in combination with other therapies 
such as treatments employing cytokines, lymphokines or other 
hematopoietic factors. When co-administered with one or more 
cytokines, lymphokines or other hematopoietic factors, the 
isolated P-selectin ligand protein may be administered either 
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simultaneously with the cytokine(s), lymphokine(s) , other 
heBatopoietic factor (s) , thrombolytic or anti-thrombotic factors, 
or sequentially. If administered sequentially, the attending 
physician will decide on the appropriate sequence of 
administering the isolated P-selectin ligand protein in 
combination with cytokine(s) , lymphokine(s) , other hematopoietic 
factor(s), thrombolytic or anti-thrombotic factors. 

Administration of the isolated P-selectin ligand protein 
used in the pharmaceutical composition or to practice the method 
of the present invention can be carried out in a variety of 
conventional ways, such as oral ingestion, inhalation, or 
cutaneous, subcutaneous, or intravenous injection. Intravenous 
administration to the patient is preferred. 

When a therapeutically effective amount of isolated P- 
15 selectin ligand protein is administered orally, the isolated P- 
selectin ligand protein will be in the form of a tablet, capsule, 
powder, solution or elixir. When administered in tablet form, 
the pharmaceutical composition of the invention may additionally 
contain a solid carrier such as a gelatin or an adjuvant. The 
20 tablet, capsule, and powder contain from about 5 to 95% isolated 
P-selectin ligand protein, and preferably from about 25 to 90% 
isolated P-selectin ligand protein. When administered in liquid 
form, a liquid carrier such as water, petroleum, oils of animal 
or plant origin such as peanut oil, mineral oil, soybean oil, or 
25 sesame oil, or synthetic oils may be added. The liquid form of 
the pharmaceutical composition may further contain physiological 
saline solution, dextrose or other saccharide solution, or 
glycols such as ethylene glycol, propylene glycol or polyethylene 
glycol. When administered in liquid form, the pharmaceutical 
30 composition contains irom a»wuu u.-. — - — — — 

isolated P-selectin ligand protein and preferably from about 1 
to 50% isolated P-selectin ligand protein. 

When a therapeutically effective amount of isolated P- 
selectin ligand protein is administered by intravenous, cutaneous 
35 or subcutaneous injection, the isolated P-selectin ligand protein 
will be in the form of a pyrogen-free, parenterally acceptable 
aqueous solution. The preparation of such parenterally 
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acceptable protein solutions, having due regard to pH, 
isotcnicity, stability, and the liKe, is within the s^ll in the 
art A preferred pharinaceutical composition for intravenous, 
cutaneous, or subcutaneous injection should contain, in addition 
to the isolated P-selectin ligend protein an isotonic vehicle 
such as sodium Chloride Injection, Ringer's Injection, Dextrose 
injection. Dextrose and Sodium Chloride Injection, Lactated 
Ringer's Injection, or other vehicle as known in the art. Ihe 
pharmaceutical composition of the present invention may also 
contain stabilizers, preservatives, buffers, antioxidants, or 
other additive known to those of skill in the art. 

The amount of isolated P-selectin ligand protein in the 
pharmaceutical composition of the present invention will depend 
upon the nature and severity of the condition being treated, and 
on the nature of prior treatments which the patient has 
undergone. Ultimately, the attending physician will decide the 
amount of isolated P-selectin ligand protein with which to treat 
each individual patient. Initially, the attending physician will 
administer low doses of the isolated P-selectin ligand protein 
and observe the patient's response. Larger doses of isolated P- 
selectin ligand protein may be administered until the optimal 
therapeutic effect is obtained for the patient, and at that point 
the dosage is not increased further. It is contemplated that the 
various pharmaceutical compositions used to practice the method 
of the present invention should contain about 0.x MS to about 100 
mg of isolated P-selectin ligand protein per kg body weight. 

The duration of intravenous therapy using the pharmaceutical 
composition of the present invention will vary, depending on the 
severity of the disease being treated and the condition and 

potential idiosyncratic response or eau« xw«*w* x- - 

is contemplated that the duration of each application of the 
isolated P-selectin ligand protein will be in the range of 12 to 
24 hours of continuous intravenous administration. Ultimately 
the attending physician will decide on the appropriate duration 
of intravenous therapy using the pharmaceutical composition of 
the present invention. 
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The isolated P-selectin ligand protein of the invention may 
also be used to iaanunize animals to obtain polyclonal and 
monoclonal antibodies which specifically react with the P- 
selectin ligand protein and which may inhibit P-selectin-mediated 
5 cellular adhesion. Such antibodies may be obtained using the 
entire P-selectin ligand protein as an immunogen, or by using 
fragments of the P-selectin ligand protein such as the soluble 
nature P-selectin ligand protein. Smaller fragments of the P- 
selectin ligand protein may also be used to immunize animals, 

10 such as the fragments set forth below: amino acid 42 to amino 
acid 56 of SEQ ID NO:l and amino acid 127 to amino acid 138 of 
SEQ ID NO:l. An additional peptide immunogen comprises amino 
acid 238 to amino acid 248 of SEQ ID N0:1, with an alanine 
residue added to the amino terminus of the peptide. Another 

15 peptide immunogen comprises amino acid 43 to amino acid 56 of SEQ 
ID NO:l having a sulfated tyrosine in any or all of positions 46, 
48 or 51. The peptide immunogens additionally may contain a 
cysteine residue at the carboxyl terminus, and are conjugated to 
a hapten such as keyhole limpet hemocyanin (KLH) . Additional 

20 peptide immunogens may be generated by replacing tyrosine 
residues with sulfated tyrosine residues. Methods for 
synthesizing such peptides are known in the art, for example, as 
in R.P. Merrifield, J.Amer.Chem.Soc. 81, 2149-2154 (1963); J.L. 
Krstenansky, et al., FEES Lett. 21X, 10 (1987). 

25 Monoclonal antibodies binding to the P-selectin ligand 

glycoprotein or to complex carbohydrate moieties characteristic 
of the P-selectin ligand glycoprotein may be useful diagnostic 
agents for the immunodetection of inflammatory diseases and some 
forms of cancer. Some cancerous cells, such as small cell lung 

30 carcinomas, may express aetectauxe xevc^o * 

ligand protein. This abnormal expression of the P-selectin 
ligand protein by cancer cells may play a role in the metastasis 

of these cells. 

Neutralizing monoclonal antibodies binding to the P-selectin 
35 ligand glycoprotein or to complex carbohydrates characteristic 
of the P-selectin ligand glycoprotein may also be useful 
therapeutics for both inflammatory diseases and also in the 
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treatment of some forms of cancer where abnormal expression of 
the P-selectin ligand protein is involved. These neutralizing 
monoclonal antibodies are capable of blocking the selectin 
mediated intercellular adherence function of the P-selectin 
ligand protein. By blocking the binding of the P-selectin ligand 
protein, the adherence of leukocytes to sites of inappropriate 
inflammation is either abolished or markedly reduced. In the 
case of cancerous cells or leukemic cells, neutralizing 
monoclonal antibodies against the P-selectin ligand protein may 
be useful in detecting and preventing the metastatic spread of 
the cancerous cells which may be mediated by the P-selectm 
ligand protein. In addition, the monoclonal antibodies bound to 
these cells may target the cancerous cells for antibody-dependent 
cell medicated cytoxicity (ADCC) , thus helping to eliminate the 
15 cancerous cells. Human antibodies which react with the P- 
selectin ligand protein may be produced in transgenic animals 
which contain human immunoglobulin encoding genes in their germ 
lines. Example 7 below sets forth production of a rabbit 
polyclonal antibody specific for P-selectin ligand protein 

20 fragments. 

The P-selectin ligand protein of the invention may also be 
used to screen for agents which are capable of binding to the P- 
selectin ligand protein and thus may act as inhibitors of P- 
selectin mediated intercellular adhesion. Binding assays using 

25 a desired binding protein, immobilized or not, are well known in 
the art and may be used for this purpose using the P-selectin 
ligand protein of the invention. Appropriate screening assays 
may be cell-based, as in Example 3 below. Alternatively, 
purified protein based screening assays may be used to identify 

P-Rftiectin liaand protein may be 

30 sucn ageiiue*. xwj. ^ , 

immobilized in purified form on a carrier and binding to purified 
P-selectin may be measured in the presence and in the absence of 
potential inhibiting agents. A suitable binding assay may 
alternatively employ purified P-selectin immobilized on a 
35 carrier, with a soluble form of the P-selectin ligand protein of 
the invention. 
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Any P-selectin ligand protein may be used in the screening 
assays described above. Tor example, the full-length P-selectin 
ligand protein set forth in SEQ ID N0:1 from amino acxd 1 to 
amino acid 402 may be used to screen for inhibitors; or the 
mature P-selectin ligand protein set forth in SEQ ID N0:1 from 
amino acid 42 to amino acid 402 may be used to screen for 
inhibitors, or the soluble mature P-selectin ligand protein set 
forth in SEQ ID N0:1 from amino acid 42 to amino acid 310 may be 
used to screen for inhibitors. Alternatively, the P-selectxn 
ligand protein of SEQ ID NO: 3 from amino acid 1 to amino acxd 
412, or a mature form of the P-selectin ligand protein as set 
forth in SEQ ID NO: 3 from amino acid 42 to amino acid 412, or a 
soluble mature form of the P-selectin ligand protein set forth 
in SEQ ID no: 3 from amino acid 42 to amino acid 320 may be used 
to screen for inhibitors of intercellular adhesion in accordance 
with the present invention. 

in such a screening assay, a first binding mixture is formed 
by combining P-selectin and the P-selectin ligand protein, and 
the amount of binding in the first binding mixture (B.) xs 
measured. A second binding mixture is also formed by combxnxng 
P-selectin, the P-selectin ligand protein, and the compound or 
agent to be screened, and the amount of binding in the second 
binding mixture (B) is measured. The amounts of binding xn the 
first and second binding mixtures are compared, for example, by 
performing a B/B, calculation. A compound or agent is considered 
to be capable of inhibiting P-selectin mediated intercellular 
adhesion if a decrease in binding in the second binding mixture 
as compared to the first binding mixture is observed. The 
formulation and optimization of binding mixtures is within the 

. w 1^4 virr ■miv+nTes mav also contain 

level of sKlii in T;ne aj.u, onw** 

buffers and salts necessary to enhance or to optimize binding, 
and additional control assays may be included in the screening 
assay of the invention. 

compounds found to reduce by at least about 10%, preferably 
greater than about 50% or more of the binding activity of P- 
selectin ligand protein to P-selectin may thus be identified and 
then secondarily screened in other selectin binding assays, 
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incxuain, assays of binding to E-sele=tin and to ^"'^^^^ »^ 
in vivo assays. By these means compounds hav.n, xnhxbxtory 
activity for selectin-mediated intercellular adhesion which «y 
be suitable as anti-infla«Mtory agents may be identified. 
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nT.nim»r, OV P-«mECTIH T.TGftWn PROTEIN GEpE 

An HL60 cDNA library was constructed for expression cloning 
the P-selectin ligand. PolyA* RNA was isolated from total BNA 
from the huiaan proByelocytic cell line HL60 (S.J. Collins, et 
al supra) using a Fast Track i«RNA Isolation Kit (Invitrogen; 
10 San' Diego, CA) . Double stranded cDNA was synthesized from the 
polyA- RNA fraction and blunt-end ligated with EcoRI adaptors 

(5-AATTCCGTCGACTCTAGAG-3',5'CTCTAGAGTCGACGG-3') . The cDNA was 
ligated into the expression vector pMT21 (R. Kaufman et al., J. 
Mol. cell. Biol. 9, 946-958 (1989) that had been incubated 
15 sequentially with EcoRI endonuclease and calf intestinal alkaline 
phosphatase and gel purified. The ligation product was 
electroporated in 2 ^1 aliquots into competent E^.coli DH5a cells 
and grown in 1 ml of SOB medium (J. Sambrook et al., y!olecular 
A La K»..^nr-v Manual. New York, Cold Spring Harbor 
20 Laboratory Press, pl.90 (1989)) which has been supplemented with 
10 mM Mgci,, 10 mM MgSO,, and 2 % glycerol for one hour at 37-C. 
in order to divide the library into smaller subsets, an aliquot 
from each ml of bacterial suspension was plated onto agar plates 
in the presence of ampicillin, and the number of colonies per ml 
25 was calculated. Assuming that each colony represented one cDNA 
Clone, 600,000 clones were generated and divided into subsets of 
approximately 16,000 clones per pool. Each of the 38 pools were 
grown overnight in L-broth in the presence of ampicillin and the 
plasmids were purified over a CsCl gradient. 

30 

B. c.>.>^>T.4«cT fo r ^-Ho P-*.«leetiTi liqand protein qene 

in the first stage, the LEC-7I binding assay of Example 4(A) 
was utilized to pan the HL60 cDNA library and thereby to enrich 
for the plasmid of interest. Six ng of each HL60 cDNA library 
35 pool was co-transfected with 2 /ig of a 3/4FT gene (Example 2) 
into COS cells. Approximately 45 hours post-transfection, the 
COS cells were lifted from the plates by incubating the cells in 
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1»M EGTA for 15 min. at 37^C, followed by scraping with cell 
lifters. The cells were washed twice in Hanks buffered saline 
solution containing ImM calcium (HBSS) . The cells were 
resuspended in 4 ml of HBSS. 'The resuspended transfected COS 
cells were screened using the LEC-yl binding assay described in 
Example 4(A). 

The plasmids from adherent COS cells were recovered from a 
Hirts extract [B. Hirts, J. Mol. Biol., 26, 365-369 (1967)] and 
then electroporated into E_coU DH5a cells for amplification 
The enriched population of plasmids was purified over a CsCl 
gradient and re-transf ected along with the 3/4rr gene (Example 
2) into COS cells. The transfection, screening, and plasmxd 
amplification process was repeated for a total of three times 
before a pool that bound to the LECyl-coated plates was visually 
detected. The positive plasmid pool was subsequently broken down 
into subsets. This involved electroporating the Hirts extract 
from the positive pool into E. coli DH5a cells and quantitating 
colonies per ml as described above. Various pool sizes were 
produced by plating out a predetermined number of colonies on 
20 agar plates in the presence of ampicillin. Duplicate plates were 
prepared by performing nitrocellulose lifts and storing the 
filters on new agar plates. The duplicate plates served as 
reference plates for selecting individual or groups of colonies 
from any pool identified as being positive. 
25 in the second stage of cloning, COS cells were co- 

transfected with the sublibrary pools and the 3/4rr gene by the 
same procedure used in the initial steps of screening. Forty- 
eight hours post-transfection, the transfected cells were 
screened using the fluorescent CHO:P-selectin assay of Example 

-._ *«w->ie-r f?ubdivided. as described 

30 4(B). POSlXiXve ywj-o - 

above, until finally individual colonies were screened and 
positive Clones identified. Using this method, a single positive 
clone, pMT21:PL85, was found to encode the P-selectin ligand 
protein. The DNA sequence of the P-selectin ligand contained in 

35 pMT21:PL85 is set forth in SEQ ID N0:1, and the binding 
characteristics of the P-selectin ligand protein encodedv by 
pMT21:PL85 are set forth in Example 4(C) below. 
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Mmmir_TTTr n ^rr, '^ iPnnQSYLTPIVKflFBRMB GBHE 
The a 1,3/1,4 fucosyltransferase gene (3/4rr) was cloned 
5 froB total huBan genomic DNA (Clontech laboratories) by .eans of 
PCR. The sense oligonucleotide pri.er contained an Xbal sxte and 
the S'terminus of the gene (5 - 
TAGCATACGCTCTAGAGCATGGATCCCCTGGGTGCA 

Sc-3.„ an. «.e antlsense oU^onucleotide pri.er contaxnea 
,0 1 ECORI site and «.e 3'ten.inus of «.e gene (5- 
CCGGAATTCTCAGGTGAA ^ ^ „i4.>, 

CCAAOCCGC-3.). The PCR product was sequentially ^^^ested «th 
Xbal and EcoRI and purified by standard gel purification .ethods. 
Sis gene was then ligated with vector p«r3Sv2m (R. Kauf.an 
15 Methods in Enzy-ology, supra, that had also been 

digested with Xhal and EcoRI and purified '^y ^^*"*^^ 
purification .ethods. Co^etent HBlOl cells (Bxo„d, w«e 
Lansfor.ed with this ligation product and then plated on agar 
plates in the presence of a^picillin. Hitrocellulose filter 
20 lifts of ampicillin-resist«.t tr«.sformants were probed with a 
aLlabeled oligonucleotide ,v-*^AT<r«;TCC*G0OcrrcC^-3M 
complementary to the nucleotide region 5.6-530 xn the «ddle of 
the gene (J. Sambrook et al., supra). 

Plasiid DHA minipreps were prepared fro, twelve posxtxve 
25 Clones. The purified DHA was then digested with EcoRI »d 

to identify the correct clone with the proper sxze "^-^ J^^ 
Clone (PEA.3/4FT) was then grown up large scale »d the DHA 
isolated by CsCl density gradient banding (J. SaMbrook et al., 
supra, . DHA seguencing conf ir«d the identity of the gene 

30 The functionality of the gene was assessea i.. - -— 

lay as follows, cos-x monkey cells [ (clone M6; H. Hon,xtz et 
al., Mol. Appl. Genet., 2 = 147-149, (1933,, were transf acted wxth 
3/4FT using DEAE dextran followed by DMSO shock treati^nt and 
chloroquine incubation [L. sompeyrac and K. Dana, Proc. Hatl 
35 Acad.Ti. , 78:7575-7578 (1981, ; H. I-pata et al. , Huclexc Acxds 
Res., 12:5707-5717, (1984); B. Luthman and G. Magnuson, Huclexc 
Acid; Res., 11:1295-1308, (1983,,. The transfected COS cells 
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.ere —a ana ^.n«..tea .i„ain, « . CHO ^^e 

expresein, -eXect^ ^ ^ COS 

::rrj^'e.'r 'V^^can e.^. sU,U.ea ... 
epitope on the cell surface. 



10 



15 



20 



30 



35 



HTMtPIX 3 

^^^^^^^^^^^^^^^^^ 
positive Chinese ha.ste. ova.^-^^^^^ ^^^^ "^Csi 

^ * cells were treated wxtn z.a 

fis hoiirs post-transfection, the cexxs wex 
At 68 hours po ^^^^ observed to 

aM sodium butyrate for 4 hours. The c cfd labeled 

induce P-selectm adhesion, as determined ^^^^^^ ^l^'^^^^ 
CHO:P.selectin cell binding assay (descrxbed -J^-P^^ 
section B). in contrast, neither lECll cells /^^^J^ 
cln Jnsfected with a control plasmid induced P-selectxn 



adhesion. 
25 B. 



sample 5C) and 4 pEA.3/4 plasmid of -mple^ . 
nED sPSL T7 alone, or 8 Plasmid vector (pMT21) and 4 ng 
pED.sPSL.T7 _'f hr post-transfection, the cells were 

pEA.3/4 FT gene. Forty f xve hr po ^^^^ serum-free 

rinsed twice in PBS and xncuna^u uvo.»*^ , «m 

OHEM minus phenol red (.PH Biosciences) -P^^^^^^^^^^^^^^ 

, V ^r,o 100 U/ml penicillin and 100 Mg/ml streptomycxn. 
rl'^;.sZmf^lor..., aproUnin a„a KaK. were a^ea^o 

concentrations of X^, 2 ana 0.0«, -P^^'-^/; 

the condition.a meaiuB was centrifugea to re»ove all ae^rxs. 

%or i^noprecipitatlon experiments, the labelea sol^le P- 
seledin li.ana protein was producea .y co-transfectxn, COS cells 
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with PED.BPSI..T7 and pEA.3/4 FT. At forty-five hr post- 
Lnsfection, the COS cells were labeled with .50 S 
methionine (HEN, for 5 hour, and the «diu» was collected 
Expression of SPSI..T7 protein was confxr^d by 
imanoprecipltatlon with anti-T7 antibodies. 

■ cos cells were co-transfected vith the pED.sPSL.T7 plasm^d 
of Example 5(C) , the pEA.3/4FT cDNA of Example 2, «.d a plasmxd 
Lntainin, the PACE cOHA as set forth in SEO XD H0=5. A paralle 
control co-transfection was done using only the pED.sPSL.T7 
plasnid and the pEA.3/4FT plasmid. After 45 hours, 
medium from these transfected COS cells was coated onto plastic 
dishes and binding to CHO=P-selectin cells <^^^/> 
determined. An approxi«tely two-fold increase xn bound ao P 
selectin cells was observed for dishes coated wxth medium 
containing the P-selectin ligand co-expressed with PA^. as 
compared with medium containing P-selectin Ugand "»xch '.ad "ot 
been co-expressed with PACE. Amino acid sequencing of the H 
re::i™,s " purified SPSL.T7 protein from the PACE co- 
transfection Showed that all of the ligand had been cl"-* 
the PACE consensus site (amino acids 38-41 of SEQ ID H0:1). 
Radiolabeling of co-transfected COS cells with "s-methionme and 
subseguent SDS-polyacrylamide gel 

autoradiography showed that comparable quantities of the 
selectin ligand had been secreted in both co-transfections. 



D. 



^,. ,y^^^^rr ^.^^^lantiT. T.irrana Protein ii. CHQ Cells 

A full-length for., (amino acids 1-402) of the P-selectxn 

ligand protein was expressed in tne cnutuu.^, ..." -— 

. Chasin, Proc. Hatl. Acad. Sci. USA 22, «16-4220 («80,, as 
follows: approxiinately 25 Mg of the pMT2l:PL85 plasmxd and 
approximately 8 Mg of the pED.3/4FT (produced by restriction of 
„S 3/4FT with EcoRI and Xbal and insertion of the resulting 
f«g^lnt into the pED plasmid, were co-transfected into CHO(d™c, 
cells using the calcium phosphate method. Trar.sfectants were 
selected for resistance to methotrexate. After two weeks. 
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inalvidu,! colonies were screened for SI.' -^"-""^"^^ 
conjugate of >n enti SLe" antibody (CSLEX-l, O.S. 4,752,569) and 
Tep red blood cells (s«BC, prepared by the cbro.iC chlorxde 
TZ, <Goding, w., 1-unol. Methods lS.=«-6e ,i9,e, as 

5 follows: SBBC were washed with 0.15H NaCl until the wash becaBe 
clear and then a 50* suspension o£ sRBC was prepared m 0 15H 
Had one ml of 0.01* chromic chloride solution was added 
drop^ise While vorte^ing to 0.2 .1 of a ^ ^^'^ 
containing 50 .g of csi^-L «ter incubating at 37'= /" ^o 

,0 minutes, 10 ml of phosphate buffered saline (™=> 

added to the reaction. The conjugate was washed once before 
resuspendin, into 10 ml of PBS. The plates containing 
transfectants were washed with PBS and then 3 .1 of PBS and ne 
„1 Of the sRBC/CSLEX-1 conjugate was added to each plate. 

15 Positive colonies were red on a transllluminator and were picked 
into alpha medium with 10% fetal bovine serum. After two weeks, 
colonies were subjected to stepwise 

^thotre.ate at concentrations of 2. 10, 25, 100 250 n«^ The 
stable cell line obtained was designated CD-PSGL-1 (R3.4i. 
20 Expression of the P-selectin ligand protein was -n'^^d W 
i™reclpltation studies using the polyclonal ""-P-selectin 
llgand protein antibody of Example 7(A,. The functional ty of 
th! P-selectin ligand protein produced by the CD-PSGL-1 (R3.4, 
cell line was tested by assaying the transfectants for binding 
25 to LEC-Tl as in Example 4 (A) . 

The SPSL.T7 protein was expressed In a stable CHO-PACE line 
Which was already expressing the cDKA encoding PACE as set forth 
in SEQ ID B0:5 under adenosine deaminase selection (Kaufman, et 
al., PKAS (DSA, Sa:3136-3140 (1986,). The psPSl..T7 (25 Mg) and 

. -,,v,-»i.«fented Into CHO-PACE cells 

30 PED.3/4PT (8 (igj pias"^"- 

Ling the calcium phosphate method. Transfectants were selected 
for resistance to methotrexate, and Individual colonies which 
bound to the sEBC/CSLEX-1 conjugate were piclced. After two wee.cs 
in culture, the colonies were subjected to stepwise amplification 
35 as described above. The stable cell line obtained was designated 
CP/PSL-T7 (R4.1). Expression of sPSL.T7 protein was confirmed 
by standard Immonopreclpltatlon methods using either a 17 
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specific Monoclonal antibody or the L^C-n =b«-a of Example 
4W. in a similar fashion, a stable cell line «^ress.n, the 
lltLe full length for. (amino acias 42-402, of the P-select.n 
U^:^: protein «^ obtained by co-transfection of ^31=PL85and 
c r%Fn 3/4FT into the CHO-PACE line. 

' ' Stlt cell lines expressing the s.SL.« protein of ^a.ple 
S(B) and the sPSL.Pc protein of Example 5(D, were constructed as 
ll ows: Plasmids pED.sPSL.Q (25 Mg) or pBD.sPSl^.Fc (25 Mg were 
c^i ansfeld with approximately 25 Mg of the pED.3/4PT pla»^ 

,0 described above and approximately 20 Mg of a plasmxd con^xnin, 
the PACE CDHA as set forth in SEQ ID M0:5, as well as the 
neomycin resistance gene into CHO(D(JKX, cells using the calc.u. 
phosphate method. Transfectants were selected for resistance to 
LthLexate and the S4i8 antibiotic. Approximate y two wee^ 

15 later, individual colonies were screened for SI.' expression 

• K^nH^Tin The Dositive colonies were 

using sRBC/CSLEX-1 con3ugate binding. The pos 

Picked in G418 medium at 1 mg/ml concentration. After 2 3 weeks 
In culture, cells were amplified with ^. ^™;! 

selection. The stable cell lines obtained were designated CD 
20 SPSL.Q (R8.2) and CD-sPSL.Fc (R8.1), respectively. 

expression of sPSL.Q and sPSL.Fc protein was confirmed by 
Zndard immunoprecipitation method using the anti P-selectm 
ligand protein polyclonal antibody of Example 7(A). 



25 



,co«v« nv p-8 ^>r^TK.WTOTATyn TWTI^CELUJLAR ADHB8I01I 



^. T FC- Tl Binding Assa^ to 

30 A DNA encoding a chimeric torm ox r-*.«x«.ww. . 

. ^ Tnr^i rLEC--vl) was constructed using 

the Fc portion of a human IgG7i {IjHh.-^xi w 

^own .Lods (Aruffo et al. Cell 35-44 ' ""'^ 

transfected into dhfr CBO cells (CHO DDKX, for b.,h le.el 
production of the chimeric I^C-^X protein, which was pur.f xed for 
35 use in the binding assay set forth below. ^ ,„ 

Petri dishes were coated first with a polyclonal anti-human 
IgG^l FC antibody and then with LEC-^l. This method orients the 
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.-^ct such that the P-selectin portion of the chimeric 
LEC-71 construct ^^tes. Adhesion of 

.oxecule is ^^^^^^^^^ ^T^cT^ Z ^uantitated in the presence 

functional binding of ^"-^^^^^^^J:/^;;' ,,,0 shown to . 
The binding of HL60 cells to <^^^^^^^^f^^^^ 
be blocked by a neutralizing monoclonal ^"^^^^ ^ 
demonstrating the specificity of P-select.n bxndxng, 

« , nt nT^-^-»i^«tin Binflinq Assay 

4. ,1 T Biol. Chem. 267, 11104-11110 (1992) J 

r 1 clusLs on «>e surface of COS oeXU 

o^h. CHO-P-selectin cells were suspended at 1.5 x 
3/4 gene. The OiO P sel ^^^.^ ^^^^^^ 

10* cells/ml xn 1% fetal bovine ^ ^ 
by adding 6-carboxy fluorescein diacetate (6 cr , 
concentration of 100 ug/ml. After incubation at 37 C for 1 
concentr ^^^.^ resuspended at 1 x 

minutes, the cells were ^^^^^ ^^^^ 

iqS cells/ml. Five ml of the labeiea cexx 

transfectant-containing plate to be assayed and 
washed COS ,0 minutes. Nonadherent cells 

incubated at room temperature for 1 
were removed by four washes with medium The P 
scanned by fluorescence microscopy for rosettes 
CHO:P-selectin cells. 

ill!; „„. co-transfe=tea with the i«21=PL85 plasBxd 

o^:! usea in the initial stages of screening As cc^oU^ 
Z7 cells were transfectea with pHr2l:PL85 alone, or with 
COS cells wer „i_iiar olasmia containing no insert 

r»^r rh:;.rp:s:t:are::lo:. the transfectea cel. were 

-tnLa ana f ^ -La^ i/^ jr.'- 

:i::i:;ne°:r;tr - .rem^^tea at o. . 
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cells/»l for 30 .mutes at 4-C in « «ediuB containing 1% BSA 
ceiis/M ».i„i„_ It BSi 5 hM EDTA and 5 iM EGTA; 

(control); a medium containing 1» BSi, d mn rj/ 

J, ,» .„d 10 ug/ml ot a neutralizing anti 

a medium containing 1% BSA and 10 Mg/"i „c. 

P-sele=tin monoclonal antibody; and « medium c-^"-"' " 
5 and a non-neutralizing anti-P-sele=tin monoclonal «.tibody. The 
preincubated cells were then added to the wells containing the 
Sansfected COS cells. «ter a 10 minute ^r^^^^^^^ 
cells were removed by 4 changes of medium. The ^«J8°-^ 
selectin cells were released by trypsinization and guantlfied by 

10 scintillation counting. ^ vho 

cos cells co-transfected with P-selectin ligand and the 
3/4rr induced approximately 5.4-fold more binding of CHO:P- 
selectin cells relative to COS mocX cells; assay in presence 
of EGTA and EDTA reduced binding to the level of the mocK 

IS transfected COS cells. LiXewise, incubation "i") 

a„ti-P-selectin antibody also eliminated specific binding. 
Whereas non-neutralizing antibody had no effect. 1" -"^"'^ 
the binding of CHO: P-selectin to COS cells transfected withP 
selectin ligand alone was not statistically different than 

20 binding to the mock-transfected COS in both the presence or 
absenc! of and BGTA, or anti-P-selectin ^f-^^^' ^ 

binding of CHO: P-selectin cells to COS cells 

FT alone was approximately 2-fold greater than to the mocK- 
transfected COS, but was unaffected by the presence or absence 
25 of EDTA and EGTA. 

EXAMPLE 5 

COHSTRDCTIOM OP 80LTOLE P-SELECTIH LIGAHDS 
The EcoRI adaptors used to generate the cDNA library from 

30 HL60 cells in Example I contain an .. —- .- _ 

iust 5- of the beginning of SEQ ID M0:1 as it is located in the 
^2UPL85 plasmid. in order to generate soluble forms of the 
PSL, the pHT21:PL85 plasmid was restricted with Xbal and with 
HinUl (Which cleaves after nucleotide ,44 of SEQ ID H0=1,. The 

35 approximately 950 bp fragment thus generated, containing all of 
the encoded extracellular segment ot the ligand up to and 
including the codon for valine 295, was isolated and used to 
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generate DHAs encodin, soluble .or«s of the P-selectin U,a„a 
protein as sat forth in sections A though D below. 

A. --n- t-netion nsPSL.OC 

The fragment was purified and Ugated into .«i.«aUan 
expression ve!lor pED between the Xbal «.d EcoRl sites, a ong 
7^ double stranded synthetic oligonucleotide DHA that recreated 
:;rcodons from Asn «6 to cys 310 and i"^""-^; "^^^^ ; ^ 
codon i^ediately following cys 310. The se<r.ence of the oUgos 

in is as follows: 

5 ' -aactacccagtggga<k:accagaccacatctctgtgaagcagtcctag 

5.-AATTCTAGCACTGCTTCACAGAGATGTGGTCIGGTGCICCCACrGGGTAGTT 
L^llting Plasmid was designated pED.sPSL.OC, and the protein 
expressed from the plasnid was designated sPSL.QC. 



15 



^e fragment was purified and ligated into the pED plasmxd 
(Kaufman et al.. 19.1) ^tween the Xbal and f^^' '^"^ 

,0 with the double stranded synthetic oligonucleotide DNA t*at 
relatea the ccdons from Asn 2SS to Gin 30, and introduced a 
^"el stop codon immediately following Gin 305. The seguence of 

the oligos is as follows: ,„^,,. 
S'-AACTACCCAGTGGGAGCACCAGACCACATCTCTGTGAAGCAGTAG 

,5 5,-AATTCTACTGCTTCACAGAOATGTGGTCTGGTGCTCCCACTGGGTAGTT 

L"llting plasmid was designated pED.sPSL.Q, and the protein 
expressed from the plasmid was designated sPSL.Q. 

~r. o^nnrtino 14 amino acids including an 

•in oilQOnuuxtswuAv*^-' ^ ^ 

epitope derived from the phage T7 ma^or capsid Protem were 
^thesized, creating a C-terminal fusion of the epitope -tag" 
7^ «> ad;itional 3. amino acids derived from the vector 
sequence. Two oligonucleotides having the sequences 
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were *.ple.ed ana U,.tea with the large ; 
^Uan expression pUs»ia pED. The '^^^'^^^^^ ^^^^^. ^l 
was restricted with Xbal and Snal and ligated to the 950 bp X^I 
atncll fragment described above, resulting .n plas-xd 



pED.sPSL.T7. , _^ 

The protein resulting fron> expression of pED.BPSL.T7 



was 



;^r;i— TTh. encoding a soluble, -^"-""^'"^ 
.0 the .-selLin ligand protein .used to ^^J^^-^^-^ 
i«.unoglobulin IgGl was constructed as follows, tte 
axpre^ion vector pED.Fc contains se<n.ences encoding the Fc 
^^I™ Of a hunan IgGl with a novel linJcer seguence enabling the 

TilL for.." The .0 - C^^rd" 

above comprised the second fragment. The ui 

:^slsted Of annealed synthetic oligonucleotide D»As having the 

20 following sequence: 
5' - CTGCGGCCGCAGT 

L-i:::urp~ ere grown as plasmid .H. and indivia^l 

:r r p= r r:^redT:rr^^r z 

" :X r^-icn L resulting soluble ^selectin ligand ,Fc 
fusion protein is shown in SEQ ID N0:6. 

EZMIPLB 6 

30 CHM»CI=Ria«<» OF HPRESSED P-SttECIIH LIOMDS 

». rlnflf- 1 '•>---'t.risniiNii nf r; ii -i^'^^f " ^-^^i'^^^' 

^;!;;;;;nection of cos cens with the PE..3/4FT plas.id of 
35 ^a^ple 2 and the p«r21=PL85 plasmid of Example 1 yields^S 
cells Which specifically bind to CHO:P-selectin 
binding is observed only upon co-transfection of pEX.V^r. ^^ 
p^ =PL8a,- use Of either plasmid alone generates COS cells which 
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. to CBO-P-selectin cell.- »o ^in^ing « observed 
ao not bxnd to <=l°f ^^.^ wnich does not express 

^tween the parental <^^^^_^^^^^^ „ith PBA.3/4PT ^ 
P-selectin and co-transfected COS cells and 

pKr21:PL85. The bxnding between ^.^^^^^^ 

CHO:P-selectin cells xs J° dependency of P- 

such as EDTA and Itraizin, anti-P- 

selectin nediated « ;tired t^e bindin, between the 

selectm cos cells which had been co- 

CBO=P-selectin cells and «»e ^ ^^^^ ^ 

transfected with pEA-3/4rT f effect 

„entrali.in, anti-P-s^-^^^^^ that the 

on the bxndxng. 1*- required for binding to 

functional domain(s) of P 

P-selectin llgand protein expressed on the surf 



B. 



P-o«>i«»etin T- l""'' ™re89ea _ 

. ^ 4.^»«cf ©eted COS C 



oetergent extracts o ^ approxi^tely 1.= x 

as follows: 45 hours post ^^^^^^ 
10' cells were suspended in 

Pipera.ine-H,K.-bist3-ethanesulfonxc acxd, ,P»^^^^^^^^ 

^ KCl, 3 M,C1„ 1 ^ ben.a« d ne, 0_5 ^/ 

^ 1 ToM ethylmaleimide, and 1 ng/T^^ 

,g/Ml pepstatxn IJM ethy 

lysed by .i„„tes,, and a .e«brane fraction 

centrifigation (500 x g. lo The high 

oouected .y "---- ^rs^r^ an e!;traction buffer ,10 
speed membrane pellet was res p ^ 

^ 3-,K-MorphoUno,propan-l-xo T^M^die, 0.5 

leupeptm polyacryla^ide 
aprotxnm) . Sam.les w nitrocellulose blots 

roiirr^"::::^ r riUent^extract was suspe^ed 



an a 



as 
in 



3= "^^^^^^F^^i^iz::^ 

lUrre^ ^^^^ .e 
LLsed in 10 m MOPS pH 7.5. O.IH HaCl, 0.02* Ka»., 



Its V*WWW-.^ 

heated for 5 minutes at 100-C before 



(non-reduced) and 
Blots were 
blots were 
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„ , CaCl„ and 10% non-fat mitt overnight at 4-C. 

' - I'l^^:^^ the ahove buffer, -inus the »ilK. and 

Blots were rinsed once in 

incuhated in blottin, buffer "^"^^^ ^ „cl.> for 

bovine seru» albumin, 0.05% Thesit, 1 ^ "9",, 

3 30 .mutes at room ^^^^^^ p.,electin ligand as 

«.e blots c^Cc Chimera was pre-incubated with 

ir^otemVm'lottU huffer for 30 minutes at room 
3 nCx Of I-Protein a , . ^ „ EDTA EGTA, nonoclonal 

temperature. ^-''"^"-^ 7,^^ ,re:in;;urL mix;ure at this 
.„ antibodies, could the chimera to the 

point *o evaluate th«r ^« ^^^^ i„,^ted 

P-selectin Ugand. The pre l 

.ith the blots (prepared -J^^j ,^es 
. rr:; rotrngr. er (Without bovine serum albumin, . air 
dried, and autoradiographed at -TO-C^ 

^er X"^^- co-transf ected 

this technique for membrane ^^^J^ ^„ ^lecular 

COS cells. The -'-^^;^tereas the minor band migrated 
20 weight Of approximately 220 kD, wn reducing 
„.th molecul^ welg,^^^^^^^ , 
conditions, only a sing ^^^^ti^ that under non- 

weight Of ^'^^^^t^^Vsele^Lligandex^^^^ 
reducing --^^^^^^'J^^^^ the reduced monomer is 

25 The -PP-»"'%";'^7J^", ,J the deduced amino acid sequence 
cnreater than that '^^^^ l ^ expressed protein 

Of the CDKA Clone (45 »>' "^/^ modification (see Example 

undergoes «--"-/;;;^;r :rte p.selecti^^ chimera was 

^,^\\ The specificity oi 

"^;-;^.d'bv the observation that a nonspecific ig^. 

30 confirmed by the ods ^.oitionally, the binding of the 

yielded no bands on ^^J^'^^'^^'^^'S^lU^ ^ BCT.. 
P-selectm/Fc ^"-^ "^.^te^m monoclonal antibody. Specific 
"^r^"te b\otst re oLr«l only fr» membrane extracts of 
°" c^^ansfected with the pE..3/4^ and p»rn:PL85 

36 COS cells 3 control transtectlons 

plasmids. Membrane extracts 
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,pK..3/4P, or PMT.1=..SS axone, .aiXe. to .iel. 
on blots. 

5 The presence of to P- 

„=o»tina.t P-.ele=tin lx,ana and Jt. role ^_ 

.exectin -^J^^. " Jt::;e =<C, and «.e pE..3/.rT 

transfected with PEP.SPSL. ^^^^^ ^^^^^ ^.^ 

pXasMld of Example ^ After „^^,„„i„,.,,^ied ePSI-.T, 

10 "s-nethionine. 200 |ii . tm:-,i in the presence 

.onditioned«diu« was incused «t^^^^^^ ^^^^ 

Of cacl, and X ^ .1 bov- s^ 

rotating for 2 ho^s a 4 C, ^^^^ ^^^^^^^^ ^ 

r=L:td:rtw.e ..^^^^^^ 

rtd r;:.r/\r;err:::e then resnspend. and 

rte^ With neuraminidase <-P--, r ' XU 
giycanase, and »-,Xycanase ^-^^J^^'J^^ 

,0 ,lycosidase digestions were done at ^„ ^. 

neuraBinidase digestion the Peuet was P^^^^^_ ^ ^ ^ 

,N-Borpholino)-ethanesulfonxc a«d ( ) 

(Calbioche.) and 0.1* SDS, "e^^^*^^ ^^^^ „^rtyi 
pelleted. The supernatant was »«^^^"^" "^^^ ^ ^o^i^ 

fOGP^ lOaiM calcium acetate, «« 
25 B-D-glucopyranosxde (^PK ^.^^^ „euraBinidase 

cacodylate and 2.5 inM PMSF, tinax p unit/ml. For 

for a final concentration of 1 unit/mi. 
was added for a tin the sample was prepared as 

neuraminidase/O-glycanase ^-^^^^^^' ^^^ o-glycanase was also 
J with the neuraminidase, tne u gxy^-ano 

above and along with the n ^^^^^ „-glycanase 

30 added to a final concentra.xun 

«oiiet was resuspended in 54 ui m.t> buj-j. 
axgestxon the pellet w ^ ^^^^^^^ ^^^^ 

SDS, heated at 95 c ^^.^ phosphate, 3.5% 

..pernatant wa^.o^-ed to c n,.^^ H-glycanase was added for 
OGP, and 2.5 m MSF, fx P „ above. 

" " '"r:"":.!!: ^^^^^^^^^^^ on sPS... was assessed 
in twT^y!. .or this, each digested protein sample was dxvxded 
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10 



15 



20 



25 



30 



35 



,„to two e^ax fractions. One fraction P-ipitat- wit. t.e 
P.sele=tin polyclonal antibody of Example 7(A) to show 

electrophoretic mobility, me otnet 
effect of digestion on the electrop ^^^^ 

taction was ^'^^^^^^'^^^^'^^^^cL^i,^ r>i,^i''^ ^^^^i^y 
A fTi\ assess the remaining P-seiecT;in 

: ; d , s . The i^unoprecipitationed samples were ana y«d 
r SDS-polyacryla»ide gel electrophoresis under reduce., 

-"T-rir treat.^^^^^^^^ 

— -rr "rc":r::ircrpa^' was 

each precxpxtatxon. Wien ^ ^ polyclonal 

treated with neuraminidase, anti P seieci:! y ^^biutv 
antibody precipitation revealed a slight decrease in mobility 
antiDoay p f sialic acid residues. The amount of 

consistent with removal of sialic acid res 

P-selectin ligand protein precipitated by LEC yl w 
li :i:Lantly rLced after neuraminidase ^ ^^^^ 

with the role of sialic acid residues in the P-selectin/P 
TectTn ligand interaction. When the ^-^^^^^^^ 
»«»t«i with hoth neuraminidase and o-glycanase, 
tliaTin^le in electrophoretic .ohility was observed 
reHrrcipi^^i" with the anti-P-selectin ligand polyclonal 
IViJ^y. indicating that a number of 0-XinKed^oll,osac« 

A K-on removed. However, removal of O iinKea 
roL^Lrfrr^e P-selectm ligand protein «y not have 

:rein";ithTrrrwe.cr::^- 

correspond to a protein wii^n a lu 

lid L predicted from the amino acid ^^^^ fj^^^^ 
ID NO-l The neuraminidase/O-glycanase digested P-selectin 
ID NO.l. in further indicating 

iioand nrotein bound to LEC-71 very pwwx j, . ^ 

iigana pi:wt.cj-» ^ ^ 4.^ « /t>_eoi*.rrhin lioand 

the role of oligosaccharides m tne r-««xow..a., . - 

Interaction. Latment of the purified P-selectin ligand with 
interaction. increase in electrophoretic 

N-glycanase resulted in a siignt 

mobility, demonstrating that some of the consensus sites for N 
mobiiiT^y, u The amount of P-selectin 

linked glycosylation are occupied. The am 

n«.nd nrotein precipitated by LEC-7I was slightly reduced, 
ligand protein pre v ,,4.<„„ =1=0 contributes to the 

indicating that N-linked glycosylation also contriDu 
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P-sele=ti„/P-selectin li,and interaction, though not as 
drastically as sialylation and 0-UnJ.ed ,lyccsylatxcn. 

EXAMPLE 7 

POKCLOBL MrriBODIES SPECIFIC K« P-SELECTIB LIGMOS 

' . T-T— V Lia,h^ Prote11./1.1W 

■ rf n jl<tni Prc ^-eiTI walQg Preteiii 

The anti-P-seleotin ligand polyclonal antihody wa= generated 

10 hy i»»unlzing rabbit, with a fusion protein generated in ^_coli . 
The fusion protein consisted of the amino terminal one-third of 
Z P-selecTin ligand (amino acids 1 to 110 of SEO ID H0=1 fused 
i„ frame to the maltose binding protein (Haina, c. V. et al., 
oene li, ,«BS, ; Kiggs, P., ^" 

15 i-l-^n,. moloov. F. «. Ausebel et al., Eds Greene 
Asscciates/Wiley Interscience (Hew VorK, 19,0, "j^" 
under conditions employed herein, the fusion protein antrbody 
recognizes the P-selectin ligand protein. 

20 B. -i T-'"-'i "■^" i' ^->4-.».-T, protein 

A slluble form of the invention (SPSI..T7; see example 5(0, , 
was purified to apparent homogeneity according to the following 
sch^= COS cells were transfected with three Pl''»^'»=' °« 
encoding each of the following: SPSI..T7 ft^' ' ' ^^^^ 

25 (Example 2) , and a soluble form of PACE (as set forth in SEQ ID 
KO-S) After 72 hours, the conditioned medium was collected and 
recombinant SPSL.T7 was purified as follows. 

conditioned medium was diluted two fold with 50 mM MOPS, 150 
.M NaCl, 0.5 mH CaCl, and 0.5 .M HnCl„ pH 7.2, and applied to a 
30 column Of lentil lectin-Sepharose « e^-i^_-ed ^ t^e sam^ 

buffer. ifter loading, the column — • ~ 

buffer until the optical absorbance at 280 nm dropped to a stable 
baseline. The column was then eluted with the same ^ff« which 
had been adjusted to 0.5 H e-methyl-mannoside and 0.3 M HaCl 
,5 Recombinant SPSL.T7 was collected over 5-15 column volumes of 
this elution buffer. The lentil lectin eluate was then subaecte 
to a 0-70% ammonium sulfate precipitation by adding 472g of 
ammonium sulfate per liter of column eluate at 4-C. After 
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stirring for 30 minutes, the precipitate was resuspended in a 
^ni«l voluMe of TBS (20 m Iris-HCl, 150 -H HaCl, PH -° 
applied to a TSK G4000SW,, ,el filtration col>»n equxUbrated in 
Z. The flow rate on the column was 0.5 »l/Bin and a guard 
, column was employed. In aliquots of < 250 Ml, the "^-P-^^^ 
ammonium sulfate pellet was injected on the column and fr ctions 
analyzed by SDS-PXGE with western analysis. Fractions containing 
SPLS.T7 were pooled and then used for immunizing rabbits. 

Antibodies to SPS1..T7 were gM.erated in the standard fashion 
LO by antigen priming and subsequent boosting over a 3 month period 
S^cifically. primary immunization was performed ^ mixing 5 o . 
Of SPSL.T7 (denatured by mixing in O.U SDS ».d heating for 10 
minutes at XOO-C) with complete Preund's adjuvant and in,ected at 
five sites subcutaneously. The second (and all subsequent) 
,5 boosts were performed by mixing 25 Mg of =PSI"T7 (*Bn-tured ^ 
mixing in 0.1* SDS and heating for 10 minutes at lOO-C, [12.5 
for the third and subsequent boosts] with incomplete Freund s 
adjuvant and injecting at two sites subcutaneously (or later 
intramuscularly) every two weeKs. Test bleeds were perfor»d 
20 every two wee.cs to monitor antibody titer, ^-" '^l "'^^ 
titer reached a suitable level, a larger scale bleed was 
performed and a total serum fraction prepared. This polyclonal 
antibody preparation was used to inhibit the specific binding of 
BL60 cells to CHOtP-selectin cells in a manner similar to that 

25 described in Example 4. , ^ 

This assay employed fluorescently-labeled BL60 cells 
(labelled with BCECFM; 2',7'-bis-(2-carboxymethyl)-5-(and-6)- 
carboxyfluorescein, acetoxymethyl ester) binding to CHO cells 
Plated on the bottom of microtiter plates. The labelled HL60 

30 cells were pre-incubated with either sera containing polyclom. 
antibody or with pre-immune sera for 30 minutes at 4-c. The 
cells were then washed and incubated with the CHO=P-sele=tin 
cells for 10 minutes. The plates were then washed and the 
fluorescence read with a fluorescence microtiter plate reader. 

35 using this assay, a 1:15 dilution of the anti-sPSL.T7 polyclona 
serum resulted in essentially complete inhibition of HL60 cell 
binding to CHOtP-selectin. Demonstrable inhibition of HL60 
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*. 4 n nVice-rved at antiserum 
binding to CHOrP-selectin was -^'^[ j'^^Yttot on HL60 cell 
dilutions of l:150. Pre-iinmune serum had no effect 
binding to CHO:P-selectin. 
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SEQUHJCE LISTING 



10 



15 



40 



45 



55 



(1) GENERAL INFORHATION: 

(i) applicant: GENETICS INSTITUTE, INC. 
,,,, TITLE OF invention: NOVEL P-SEI^CTIN LIGAND PROTEIN 
(iii) NUMBER OF SEQUENCES: 6 



(iv) CORRESPONDENCE ADDRESS. 

(A) ADDRESSEE: I^f^^.^^^S Drive 

(B) STREET: 87 CambridgePark Drive 

(C) CITY: Cambridge 



(D) STATE: MA 

(E) COUNTRY: USA 

(F) ZIP: 02140 



^° IV) COMPUTER READABLE FORM: 

(A) MEDIUM type: Floppy d^^k 

B COTffUTER: IBM PC compatible 

? DERATING system: PC-DOS/MS DOS ^^^.^^ ^^^^^ 
jpj software: Patentin Release fi."/ 

rvi) CURRENT APPLICATIONDATA: 
(VI) ^"Jr^pLicATION number: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

TAr^^pSS^N^^ us 07/965,662 
? K^S^nSS;?^-- 03/112,603 
35 \l] raiN^DATE: 26-AUG-1993 



ii sfE^roScS^^- - "-.PCT 

Mv. TELECOMMUNICATION information: ^ ^^^^ 

fA) telephone: (bi/J '^'lltV 

it7«o«v. ttiM\ 876-5851 



(B) tSfAX: (617) 876-5851 

(2) INFORMATION FOR SEQ ID N0:1: 

ri^ SEQUENCE CHARACTERISTICS: 
50 tJV^GTH: 1649 base pairs 

(B) TYPE: nucleic acid 
fc5 STRANDEDNESS: single 
\ '. ^^-rn^v. -linear 



(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 
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10 



15 



20 



50 



55 



rvi) ORIGINAL SOURCE: 

^ (A) organism: Homo sapiens 

(G) CELL TYPE: Promyelocyte 

(H) CELL LINE: HL60 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: pMT21:PL85 

(ix) FEATURE: ^.r^ 
^ (A) NAME/KEY: 5'UTR 

(B) LOCATION: 1..59 

(ix) FEATURE: 

^ (A) NAME/KEY: CDS 

(B) LOCATION: 6X)..1268 

fix) FEATURE: 

^ ^ (A) name/key: 3'UTR 

(B) location: 1269.. 1649 



(Xi) SEQUENCE description: SEQ ID N0:1: 
OCCCTCTT C^CCCC CCCC^OCXC TCCCTCCTC TOCTa^OCC COXCOTCCC 

Met pro Leu Gin Leu Leu Leu Leu Leu lie Mu 

20 

« .II »CT o«o «T Of s5 ?s s; S2 

Thr Thr Val Glu Pro Ala Ala Arg Arg ser 

85 

100 -^"^ 

115 

ona rrc ACA GAG GCA CAG ACA ACT 

?s s: ?s s s s ?s cju «. en T.. 



59 
107 

155 

203 



130 "5 



347 



395 



443 



491 
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145 

165 

rrjn CCA GCA GCC ATG GAG GCA GAG 
AOV GGC CTG GAG GCA CM ACC ACT GCA CCA GCA 
10 Thr Gly Leu Glu Ala Gin Thr Thr Axa 



Si SI ^ s s 1 - Si 

Thr Thr Ala Pro Ala Ala Met faxu « 
15 195 



o« oc» c« joo »g c» «c J« c cc J» c« o« 

Met Glu Ala Gin Thr Thr Gin Thr tdt iu. 
210 ^" 

" si?ssjsssissssissjs?ss;is?sss?sss 

225 

Ala Gin Thr Thr Pro Leu Ala Ala Met txu * ^55 
245 

.CT GCC ACA GAG GCC CTG TCC A« GAA CCT Ag Ag ^ 
30 Ser Ala Thr Glu Ala Leu Ser Met Glu Fro xiur 
260 ''"^ 

35 275 

^ ^ ^nr nrc AAC TAG CCA GTG GGG GCC CCA GAC CAC 
GCA GCC A6C AAT TTG TCC GTC AAC TAG gj^^ 
Ala Ala Ser Aan Leu Ser Val Asn Tyr Pro v ^^y 
290 

" ?SIS?25SSSS5SSSS=.JI5iSSSJSS5S 

305 

- SSSiSS^?S?SSS?S?SS5SSSS?SS^SS1S 

32 5 

55 355 

«^ »»r ree AA6 AGC CCG GGC CTG ACG CCA 

?S SS S? S5 2S ^. SS 52? - - - - 

370 •'^^ 

385 

65 CTC CCT «OCI»CTO TGCaTCTGT TTT0O««a CCCCACCICC »CGGCCTCTC 



539 



587 



635 



683 



731 



779 



827 



875 



923 



971 



1019 



1067 



1115 



1163 



1211 



1259 



1315 
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CTGGGCCACC i 

TGGGGATGGG 

GGGCCAAGCA 

CACATTTCAG 

TCCTGTCXXJC 

TGGTCACTGG 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE characteristics: 

(A) LENGTH: 402 amino acids 



TCCACAGCTC 


TGGGCTTCCT 


CGGAGACCCC 


1375 


TGGCCACCCA 


AACAGGACAA 


GAGCAGCCTG 


1435 


TrTTTCCTCC 


CTCCGCGGAT 


GAAGCCCAGC 


1495 


CCATTTACTT 


GAGACAGATT 


CTCTCCTTTT 


1555 


AACATCTCCC 


ATGGCTCTCC 


CCGCTTCTCC 


1615 
1649 



50 



(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE description: SEQ ID N0:2: 
Met pro Leu Gin Leu Leu Leu Leu Leu Ile^Leu I.u Gly Pro Gly^Asn 



Ser Leu Gin Leu Trp Asp Thr Trp Ala Asp Glu Ala Glu Lys^Ala X.u 
20 

Ciy pro L.U Leu »la Ar, Asp Gin Ma Thr Glu p Glu Tyr 

35 

T» ^ n^^■, ThT- Glu Pro Pro Glu Met Leu Arg 
Leu ASP Tyr Asp Phe Leu Pro Glu Thr Glu Pro 

50 

" ^„ ser »sp Tnr t;^ Pro Leu Thr Gly Pro Gly Thr Pro Glu ser 
65 

Thr Thr val Glu Pro Ala Ala Ar, Ar, Ser^Thr Gly I.u Asp Ala^Gly 



Oly Ala val Thr Glu Leu Thr Thr Olu I.u Ala A.n Met Gly^Asn I.u 
' 100 ^"^ 



c Ala Met Glu lie Gin Thr Thr Gin Pro Ala Ala 

Ser Thr Asp Ser Ala Ala Mer ^^^^-^-^ 125 



115 
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Tte Gl. Ala Gin Thr Thr Pro I^u Ala Ala Thr Glu Ala Oln Thr Thr 
130 

5 »rg l«u Thr Ala Thr Glu Ala Gin Thr Thr Pro I*u Ala Ala Thr Glu 
145 

«i« ThT- Glu Ala Gin Thr Thr Gin Pro 
Ala Gin Thr Thr Pro Pro Ala Ala Thr Giu^Aia uxn 

0 

, , nn Thr Thr Ala Pro Ala Ala Met Glu Ala Gin 

Thr Gly Leu Glu Ala Gin anr xiu: 



180 "5 



Thr Thr Ala Pro Ala Ala Met Glu Ala Gin Thr Thr Pro Pro Ala Ala 
195 200 

" Met Glu Ala Gin Thr Thr Gin Thr Thr Ala Met Glu Ala Gin Thr Thr 
210 215 

25 Ala pro Glu Ala Thr Glu Ala Gin Thr Thr Gin Pro Thr Ala Thr Glu 



225 



230 



Ala Gin Thr Thr Pro «u Ala Ala Met Glu Ma leu Ser Thr Glu^Pro 



245 



30 



ser Ala Thr Glu Ala Leu Ser Met Glu Pro Thr Thr Lys Arg Gly «u 



260 



265 



" Phe lie Pro Phe Ser Val Ser Ser Val Thr His Lys Gly lie Pro Met 



275 28° 



« Ala Ala ser Asn Ser Val Asn Tyr Pro Val Gly Ala Pro Asp Bis 



290 



T^u T^u Ala lie Leu lie Leu Ala Leu Val 

lie ser vtix *jjr» -j- 33^5 32U 

45 305 310 

Ala Thr lie Phe Phe Val Cys Thr Val Val I*u Ala Val Arg I^u^Ser 



325 

Arg Lys Gly His Met Tyr Pro Val Arg^Asn Tyr Ser Pro TTur^Glu Met 



^« Ti« ser Leu Leu Pro Asp Gly Gly Glu Gly Pro Ser Ala 



Val cys He Ser Ser Leu 
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365 

355 



10 



15 



40 



TV.; ser Pro Gly Leu Thr Pro 
Thr Ala Asn Gly Gly l*u ser Lys Ala lys ser Pr 

370 

pro AT, Glu ASP AT, Glu Gly ASP ASP Leu I.U His Ser PJe 



385 390 



Leu Pro 



(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE characteristics: 

(A) LENGTH: 1239 base pairs 
}b) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
20 p) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA (synthetic) 

(vi) originaljJ^ce:^,^ ^^^.^^^ 
(G) CELL TYPE: placenta 

(ix) FEATURE: 
30 ' (A) name/key: CDS 

3° (B) LOCATION: 1..1239 

(Xi) SEQUENCE description: SEQ ID N0:3: 

-jc , »«r» rTA CTG GGC CCT GGC AAC 

ATG OCT CTG CAA CrC CTC S ?S 5: S2 Sy Pro Gly Asn 
Met pro teu Gin Leu I*" ^ lo 

VTA J *— — 4jH^ 

CrAOATTLATTTCCrGCCAOJ.AgCAGC«CC^^ 
Leu A8P Tyr Asp Phe Leu Pro Glu Thr g 
50 



60 



85 

50 



48 



96 



144 



192 



240 
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20 



25 



30 



40 



45 



50 



Gly Ala Val Thr Glu Leu Thr Thr Giu a 
100 

^ «0 CXT T« OCT JTO X» «0 5- 

Ser Thr Asp Ser Ala Ala Met ^xu x 
115 

130 

*.n^ arr CCA CTG ACQ GCC ACG GAG 

SS Si S ?S S - - - - 

145 

c« »cc «T ec» CTO oa occ »g »o o« c« »cc «T ^ 

Ala Gin Thr Thr Pro Leu Ala Ala Thr Giu ax 

165 

CCA GCC ACG GAA GCA CAG ACC ACT CAA CCC Ag GGC CXG G^ 
Ala Ala Thr Glu Ala Gin Thr Thr Gin Pro Tflr uxy 
180 

Thr Thr Ala Pro Ala Ala Met fai-u ax ^qs 
195 

210 215 

c« »c= ceo »= o« ao A« JOT o« c« o» c^^ 

Gin Thr Thr Ala Met Glu Ala Gin Thr Tnr ax^ ^40 

225 

260 

^ c» OCT jcT jco »j »5 - jj^ «; S S 

ser Met Glu Pro Thr Thr Lya Arg Giy i*u r 
275 

«n GGC ATT CCC AT6 GCA GCC A6C AAT TTG TCC 

IS S ?S ^ S5 ^ ^ foS 

290 

?s !ss S5 ^ S5 ss s^; Si IP 1 



55 305 



^ 340 



336 



384 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



1008 



1056 



1104 



355 360 
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5 



30 



35 



^ APT CCA GAG CCC AGG GAG GAC CGT 

IS ^ ^. ^ s z - s 

«C 0.T «C »= «C m «C « C T« CTC OCT 
Gl» Gly MP 410 



10 olu Oly »»P ~F ~- 

(2) INFOPKATIOM POR SEQ ID 1.0I4: 

(B) TYPE: anino acia 
(D) TOPOLOGI! linear 

2» MOLECULE MPE: protein 

,xi) SEQUENCE DESCRIPTIOH: SEQ ID M0:4: 
J lI. .n I.U Ile^I^u C. Pr. 0. «n 

I.U cm X.U ^ .sp X. Xrp «a «P OIu ^a .lu L. Ma I.U 

20 

Ala Thr Glu Tyr Glu Tyr 
Sly pro Leu Leu Ala Ar, Asp Ar, Arc, Gin Ala Thr ^Tyr 

35 

n-v,^ riu Pro pro Glu Met Leu Arg 
Leu A.P Tyr Asp Phe I*u Pro Ciu Thr Glu Pro 

50 

Thr Gly pro Gly Thr Pro Glu Ser 



50 



" »sn ser Thr A.P Thr Thr pro I.U Thr .x, 

65 



45 Thr Tnr vax w-i-v* - yu 



Xla Ala Arg Ar, Ser Thr Gly Mu Asp Ala^Gly 

85 



.la val Thr Glu X.U Thr Thr Glu^l^u Ala Asn Met Gly Ash I.u 
100 

^ rin Thr Thr Gin Pro Ala Ala 

ser Thr A.P ser Ala Ala Met Glu^Ile Gin Thr 
115 



55 
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130 ^-"^ 

1.13 rin Thr Thr Arg Leu Thr Ala Thr Glu 
5 pro Leu Ala Ala Thr Glu Ala Gin Thr Thr Arg 

145 

X Ala Thr Glu Ala Gin Thr Thr Pro Pro 

Ala Gin Thr Thr Pro Leu Ala Ala Thr Giu a 

165 

«a Ala Thr Olu Gin Tta Thr Clj Pro Thr Cly !.« Glu Ala Gin 
180 

" .hr Thr Ala Pro Ala Ala Met Glu^Ala Gin Thr Thr Ala^Pro Ala Ala 

,0 Met Glu Ala Gin Thr Thr ^o Pro Ala Ala Met Glu Ala Gin Thr Thr 
210 

Gin Thr Thr Ala Met Glu Ala Gin Thr Thr Ala Pro Glu Ala Thr Glu 

25 225 

.la Gin Thr Thr Gin Pro Thr Ala Thr Glu^Ala Gin Thr Thr Pro^^u 

245 

Ala Ala Hat Glu Ala Leu Ser Thr Glu Pro Ser Ala Thr Glu Ala Leu 
260 

35 ser Ket Glu Pro Thr Thr Lys «|^Gly X^u Phe He Pro Phe Ser Val 

275 

ser s^ val Thr His Lye Gly^He Pro Met Ala Ala Ser Asn X.u Ser 

val Gly Ala pro Asp His lie Ser val Lys Gin ^s 
310 

« ;.u Leu Ala lie Leu He Leu Ala l.u Val Ala Thr lie Phe Phejal 

325 

, T, 1 *v.rt T^u Ser Arg Lys Gly His Met Tyr 
cys Thr val val Leu Ala Val Arg Leu ser Arg y 

340 

pro val Ar, Asn Tyr ser Pro Thr Glu Met Val Cys He Ser Ser X.u 



« 250 "5 



TT-. T A "-ry •IHn" PTO _ 

VOX -J- 

305 



55 



355 
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10 



P.O c.y oxy oiu Cly Pro s« Ala «>r Ala ^.sn cly oly :.u 

370 ^'^ 

s« .ys Ala Lys Ser Pro Gly Uu Pro Glu Pro Ar, Gl« Asp Ar, 



385 



Glu Gly ASP ASP leu Thr I*u His ser Phe I*u Pro 

405 



(2) INFORMATION FOR SEQ ID NO: 5: 



SEQUENCE CHARACTERISTICS: 

(A) ^GTH: 2151 base paxrs 
1= )b) type: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: cDNA 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: pacesol 

25 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
.TOG^. GOCCCXGCTT CCT.TGCOTO CT^CC^aC^. CCOA^CCTT OOXCCXGCX. 

^° cc.ccxa.TO CTC.OOOCC. O..OCTCTXC .cc.m:.cot cccctcxccc cxcccxcc. 

OCCCC^CCCO TOOCC..C.O ™COG .AGCTOOOT TCCTCACCT CGCCCGATC 

35 ttc<k.;gact.ttacc.cxtcxooc.xco.oo.cto.cc..^^ 

^.eCCCCCCC .CGCCCGCT 0C.G.CCG.0 CCXCACXAC .CXOCCTCC. .CCCCCTC 
«^.C CG.CT..MX. CC^CCXCXAC CCCCCCC. C^GXCCCC. GTTTCCTCO 
C.CTGGTACC TGTCTCCTCT C.CTC.OCOG GACCTG..TC TCAACGCGCC CTGCOCCCC 
COCTACCO CGCCCGCT ^.TCCTCTCC .TTCTGC.CO ATCOCXCC. C..a..CC.C 
45 CCCO.CXXOC C.COCI.TX. XO.XCCXC0O OCCCTTXXO .TOXC..TC. CCCO^ 

«rAACAGGC ACGGCACACG GTGTGCGGGG 600 

GACCCCCAGC CTCGGTAUAU - 

720 
780 

,5 ziii^ ;;^;;i«cc«. ccc^ 

OOCCO^COO CCCTCCCCTC »™ 



C«CI«CC» C«««GI«C K«GT^ 
" »tT««<=00 «CC«TOCT G«»T<=OCGM GTO»C««0 C««G«OC ACCCIOKTO 
„,ecta«oc CC«C»C»T CC»«TC«C »CT=CC«CI OOG««C<» oc»««»cc 



XCOCCACSC CTACCC^C »=»TCT.» CCCTSTCCT «=C»CaCC 

»co»=mo oc^csTOcc oroc^coc o«»octoct cotcc^ct co«««»cc 



60 
120 
180 
240 



360 
420 
480 
540 



960 
1020 
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r^^rO GCAACOVGAA TGAGA^G ATCGTGACCA CTGACTTOCO GO^AACTGC 
XCCGi^TCTC ACACGGGCAC CTCAGCCTCT GCCCCCTXAC CAGCCCGCAT CATTGCTCTC 
5 ACCCTGGAGC CCAATAAGAA CCTCACATGG CGGGACATGC AACACCTGGT GGTACAGACC 
TCGAAGCCAG CCCACCTCAA XGCCAACGAC TGGGCCACCA ATGGTGTGGG CCGGAAACTG 
^CCACTCAT ATGGCIACGG GCTTTTGGAC GCAGGCGCCA TGGTGGCCCT GGCCCAGAAT 
" TGGACCACAG TGGCCCCCCA GCGGAAGTGC AXCATCGACA TCCTCACCGA GCCCAAAGAC 

;.TCGGGAAAC GGCTCGAGGT GCGGAAGACC GTGACCGCGT GCCTGGGCGA GCCCAACX:AC 
15 ATCACTCGGC TGGAGCACGC TCAGGCGCGG CTCACCCTGT CCXATAATCG CCGTCOCGAC 
CTGGCCATCC ACCTGGTCAG CCCCATGGGC ACCCCCTCCA CCCTGCTGGC AGCCAGCCCA 
CATGACTACT CCGCAGATGG GTTTAATGAC TGGGCCTTCA TGACAACTCA TTCCTGGGAT 
GAGGATCCCT CTGGCGAGTG GGTCCTAGAG ATTGAAAACA CCAGCGAAGC CAACAACTAT 
CGGACGCTGA CCAAGTTCAC CCTCGTACTC TATGGCACCG CCCCTGAGGG GCTGCCCGTA 
25 CCTCCAGAAA GCAGTGGCTG CAAGACCCTC ACGTCCAGTC AGGCCTGTGT GGTGTGCGAG 
GAAGGCTTCT CCCTGCACCA GAAGAGCTGT GTCCAGCACT GCCCTCCAGG CTTCGCCCCC 
O^CTCCTCG ATACGCACTA TAGCACCGAG AATGACGTGG AGACCATCCG GGCCAGCGTC 
TGCGCCCCCT GCCACGCCTC ATGTGCCACA TGCCAGGGGC CGGCCCTGAC AGACTGCCTC 
AGCTGCCCCA GCCACX5CCTC CTTGGACCCT GTGGAGCAGA CTTGCTCCCG GCAAAGCCAG 
35 AGCAGCCGAG AGTCCCCGCC ACAGCAGCAG CCACCTCGGC TGCCCCCGGA GGTGGAGGCG 
GGGCAACGGC TGCGGGCAGG GCTGCTGCCC TCACACCTGC CTGAGTGATG A 
(2) INFOBMATION FOR SEQ ID NO: 6: 

*° (i) SEQUENCE characteristics: 

(A) length: 1591 base paxrs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
45 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

/vn ORIGINAL SOURCE: 
' ' (A) ORGANISM: Homo sapiens 



50 



55 



60 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: SPSL.FC 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
ATGCCTCTGC AACTCCTCCT GTtGCTGATC CTACTGGGCC CTGGCAACAG CTTGCAGCTG 
TGGGACACCT GGGCAGATGA AGCCGAGAAA GCCTTGGGTC CCCTGCTTGC CCGGGACCGG 
AGACAGGCCA CCGAATATGA GTACCTAGAT TATGATTTCC TGCCAGAAAC GGAGCCTCCA 

55 



1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2151 



60 
120 
180 
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240 
300 
360 
420 
480 
540 
600 
660 



oc«^»c ^c^cx ccx™ =ccc«««= 

^COXOCTOC «<»»TTCT »Cr«=CCT0O .TOC««CO «C»TC»« 
5 <»<»CCTC=C C^CXtCCCO «CC^ 

,c«»»c« CTCc«»G«c «cc««o« o»c«»c« cTC»CT»c »=c«»ac 
" co««xc« eTCC»cc«« «cc««« o»c»^ 

«c»=«»c« CTOc»c»«= «c»T«« cac^ 
,S cc™. ™»C «cc.«c« cc»c«»c« 
cxoc«««» «cc««»«. 

™^ CTC«CX=CO »C««C«= CCCCTC«C» 
" CCCCTCTCC* TCO«CC»C T«CC««OA C«CTOTTC» »C«Tmo ^TOTCCTCT 
«««TTCO »ICOC»CC «C»TTTOT COOTCCT=C« =e«=C»TCT 
„ CT«««,0 CCC^ CC«=«CC» »OTC=T=» 

..crTCCTcr tcccccc«» »c««go«: «c=tcAT=» tctcc«c« ™ctc 

»C.TCCa«0 TCCTOG«XT C«CaCO« 0»C=CT»CO TC««TC« CTOGT«»TC 
'° o»c»a«T=o «CIOC»T« TGCC»«CXC« c«c»oc«» 
,CMC«COI «c«^ e«c«»«T 

35 «>cicc»» TCTcc«c» »»x:r<x^ 

„««»C«C =CC«0»« »»OCT=»C ««TOCC« »IC«C«» CO«»T«=C 
,>,,««»CO T«=OCTa»C CTOCOTCCTC ««OCTTCT »T«C««» «TC«CC»TO 
" «»«00« OC«<»0»C »CT»C»«=X CC«» 

^COOCT CCTtCTTCCT C™T«C»« CTOCCOIGO «»C»C« 

45 o»««X»CT TCXOMOCTC COTOATCC.T 0«CCT^ 

AGCCTCTCCC TGTCCCCGGG TAAATAG 



780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1591 
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g CLAIMS 

1 A composition comprising an isolated DNA secjuence encoding 
a'p-selectin ligand protein, said protein being characterized by 
the amino acid sequence set forth in SEQ ID N0:1 from amino acxd 

10 1 to amino acid 402. 

2 A composition comprising an isolated DNA sequence encoding 
a* soluble P-selectin ligand protein, said protein being 
Characterized by the amino acid sequence set forth in SEQ ID N0:1 

15 from amino acid 1 to amino acid 310. 

3 A composition comprising an isolated DNA sequence encoding 
a mature P-selectin ligand protein, said protein bexng 
characterized by the amino acid sequence set forth in SEQ ID N0:1 

20 from amino acid 42 to amino acid 402. 

4 A composition comprising an isolated DNA sequence encoding 
a' soluble mature P-selectin ligand protein, said protein being 
characterized by the amino acid sequence set forth in SEQ ID NO:l 

25 from amino acid 42 to amino acid 310. 

5 A composition comprising an isolated DNA sequence encoding 
a P-selectin ligand protein, said protein being characterized by 
the amino acid sequence set forth in SEQ ID N0:3. 

30 

6 An isolated DNA sequence capable of hybridizing under 
stringent conditions to the DNA sequence of any one of claims 1, 
2, 3, 4 or 5. 

35 7. The DNA sequence of any one of claims 1, 2, 3, 4, 5 or 6 
operably linked to an expression control sequence. 

8. A host cell transformed with the DNA of claim 7. 

40 9. The host cell of claim 8, comprising a mammalian cell. 
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10 



15 



20 



25 



30 



35 



.0. . process .o. P«.ucl., a P-s.Xe«in U,an. pro.ein. ».ic. 
"""'ir -Ituring «.e host cell of clai» B or clai. 9 in a 

^ta^le culture neai^; »^ ^ ^.^ein IroB the . 

(b) pxirifying the P-seiectx 

culture medium. 

^ 4«« a soluble mature P-selectin ligand 
11. A process for producing a soiucie 

protein which comprises: sequence of 

(a, co-transformxng a host (al,3/al,4) 
nNA sequence encoaxng ox 
dai. 4, a """^ encoding a paired basic 

:r ^rcre::'inren:v:l eaS o. said ^r..^ being 
(b) culturing the host cell m a sultan 
,c, purifying the soluble »tu.e P-sel.ctin ligand protein 
from the culture «ediuB. 

. • . p-aelectin ligand protein 
Ij. A composition comprising ^ ^^h in SEQ ID HO: 1 

— --:nt"°a:r\tnorsaid protein being 
rta:::;:;i; "ee - other mammaU^. protelns. 

^ • a P-selectin ligand protein 

„. A composition ""/^^^.L set forth in SEQ ID N0:1 

Characterized by the amino acid serene ^^^^^ 

from amino acid 42 to amino acid 310, sa P 
irstantially free fro. other mammalian proteins. 

„ The composition of claim 13, turthei- comprising a 
pharmaoeutioally acceptable carrier. 

,5 A composition comprising a protein characterized by the 
^ino acid seguence set forth in SEQ ID K0=3. 
,e A composition comprising an antibody whic^ s^cifically 
rllcts With the P-selectin ligand protein of claim X2. 
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. . « ,T,i-ibodv which specifically 
««eition comprising an antit)oay 

Teac.: w\Tr P-ecL U,a„a protean o. c..i» 

5 reacts with the protein of olai» 15. 

• kthlror of p-selectin-aediated 
A .ethod of identifying an xnhxb.tor 

interoellular adhesion "^"^f^, . p^lectin Ugand 

co^i»i"'»^«^«^."/"^';^ence selected fro» the 

„ protein "^^^-^^IT'rinTLia se^" set forth in S« XD 
group consisting of the a.ino ^^.^ 3,^ence 

«0=1 fro. a.ino acid 1 to anxno --^ ^''^J^^^ ^ ,,,, 402, 
set forth in SBO ID N0:1 fr» - 

the a^ino acid s^^^^^^J^^^ 3^e„.e set forth in 

« :L^r:;:aid^^.nati™f».^^^^^^^^ 
.rotern-aJi^Trsetcr:^- ^ - 

.ixture, and ^ ^ the first binding 

(e) comparing the " ^ binding -irture; 

,3 mixture with the amount ^l^^^^^^^,,,^ p-selectin-mediated 
wherein the compound is "P="' amount of binding 

intercellular adhesion when a decrease 
of the second binding mirture occurs. 

. V an inflammatory disease which comprises 

30 .0. -'^^''\'^^^^:Zx.y effective amount of the 
administering a tnerapeu ^ 
composition of claim 14 to a mammal. 
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